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ABSTRACT 
"Pedestrianization in Hong Kong: 
Its Impacts on Air Quality and Human Response,， 
Submitted by KAM Wai-ming 
for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in July, 2001 
In recent decades, the rapid economic growth in Hong Kong has not only 
brought prosperity but also pollution. This problem has been recognized and the 
Hong Kong SAR Government has implemented a number of pedestrianization 
schemes to provide a better pedestrian environment, improve the air quality and 
enhance road safety. This study focused on pedestrianization in Causeway Bay as a 
case study. The central theme is to evaluate the effectiveness of pedestrianization as 
a means of improving air quality, using objective air pollution measurements and 
subjective human appraisals on air quality. 
This study comprises 3 parts, using a BACIPR (Before and After; Control 
and Impact; Perception and Reality) approach. First, air quality modeling was used 
to simulate air pollution levels in Causeway Bay before and after the implementation 
of the pedestrianization scheme. Second, TSP, PMIO and PM2 levels were 
measured at 6 locations in Causeway Bay from August 1999 to November 2000 for a 
detailed analysis. Third, a questionnaire survey was conducted to examine 
pedestrians' perception of air pollution and the change in their attitude following 
implementation of pedestrianization. 
i 
The simulation results show that in comparison with the AQOs, RSP and 
N02 pollution can be considered as average while CO pollution is well within 
standard . After pedestrianization, it is projected that air quality improvement will 
be found within the proposed pedestrian zone where reduction of RSP, NO and CO 
level by 7%, 12% and 8% respectively can be expected. Since the proposed 
pedestrian zone will include the streets with high pedestrian flow, many pedestrians 
in Causeway Bay can benefit from the improved air quality resulting from the 
pedestrianization scheme. 
Results of the measurement of particulate pollution in Causeway Bay show 
that particulate pollution is more serious on fine days and in peak hours. With 
pedestrianization, particulate levels (TSP, PMIO and PM2) in the pedestrianized 
streets on fine days, weekdays and during peak hour are significantly less than before. 
Statistical analysis of the Impact/Control ratio shows that the reduction of particulate 
pollution is a direct result from pedestrianization. Moreover, the data show that 
particulate levels and size distribution in the pedestrian street, where was rebuilt into 
a pedestrianized streetscape, have little temporal variations with respect to seasons, 
weather, traffic flow conditions or the days of week. 
The data of questionnaire survey show that pedestrians in the 
pedestrianized street perceived better air quality after pedestrianization. The 
improvement of satisfaction score on perceived air quality is result of the actual 
reduction in air pollution level and additional influence of pedestrianization. 
ANCOVA results show that the improvement of PAQt and PAQs in the 
pedestrianized streets is higher than what could normally be anticipated from the 
actual reduction in particulate level. This anomalous improvement of PAQ can be 
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CHAPTER ONE INTRODUCTION 
1.1 Introduction 
This study aims at evaluating the effectiveness of pedestrianization as a 
means to improve the air quality. With this main concern, this study examines the 
change in air quality as a consequence of pedestrianization through computer 
modeling and field measurement, and investigates the change in human response 
towards air quality after pedestrianization through a questionnaire survey. 
This chapter is the introduction of this study. It consists of five parts. First, 
it describes the main research problems which this study is dealing with. Second, the 
objectives for this study are detailed. Third, the study area is briefly described. The 
significance of this study is then discussed and finally the organization of the thesis is 
presented. 
1.2 The Research Problem 
Hong Kong's economy has been growing rapidly in recent decades. 
However, economic activities have not only brought us prosperity but also pollution. 
Hong Kong suffers most from air pollution due to the high density of population and 
the high volume of traffic flow (EPD, 1997; 1998a; 1998b; Law, 1999). Hong Kong 
Government is aware of this problem and has already decided, among other measures, 
to carry out pedestrianization schemes to improve pedestrian environment and to 
tackle the air pollution problem (Planning, Environment and Lands Bureau, 1999; 
Hong Kong Government, 1999). Therefore, it is high time to study the effectiveness of 
pedestrianization in improving air quality Hong Kong. 
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Air pollution has long been a hot topic in environmental study. Among all 
pollutants, particulate pollution is becoming the most serious problem in large cities 
because of the increasing traffic flow and industrial development (Gervat, 1995; 
Pufeffer et aL, 1995; Law, 1999). Thousands of documents have been produced in the 
last decade discussing particulate pollution and its impact on environmental quality 
and human health (e.g. Elsom，1992; Pope et aL.,1995； WHO/UNEP, 1992 etc). More 
importantly, air pollution is known to be more serious at streets than is revealed in the 
ambient air quality monitoring undertaken either in open space or at roof top levels. 
Roadside air pollution is thus an acute and urgent problem which has to be solved. It is 
found that PMIO and PM2.5 concentration at street level can be two times higher than 
the background concentration (Jassen et al., 1997). Horvath et al (1988 and 1989) 
also suggested that suspended particulate level in the street canyon could be several 
times higher than that in open spaces. In Hong Kong, the roadside air quality is 
probably worse than that of many other big cities because of the density, high rise 
buildings, heavy traffic flow and busy human activities. Should this be true. Hong 
Kong citizens do day by day suffer from the poor air quality especially as they walk on 
the streets. 
Gervat (1995) suggested that particulate pollution is the most serious air 
pollution problem in Hong Kong. Exhausted fume from vehicles is the main source of 
particulate pollution. Highways Department (1996) stated that Hong Kong is one of 
the cities which have the highest vehicle density (276 vehicles per km) in the world. 
The Environmental Protection Department pointed out that the worst areas of 
particulate pollution are in the urban centre，such as Mongkok, Central Western 
District and Causeway Bay. In 1998，the recorded annual average ofRSP in Causeway 
Bay roadside monitoring station was 109 which exceeded the AQO by as much 
2 
as 2 times (EPD, 1999). Moreover, in 1999 and 2000，Causeway Bay and Central even 
recorded API higher than 100 for several times, indicating that air quality reached the 
"dangerous" level on those occasions. Recently, more and more people have become 
aware of the deteriorating air quality and the possible impacts on their health. There is 
a demand for government's immediate actions to improve the urban atmospheric 
environment. 
Pedestrianization is a popular tool to improve the urban environment by 
increasing road safety, alleviating air pollution and decorating the pedestrian 
environment. It has been used in western countries for decades and is an increasingly 
popular trend. Many researches showed that pedestrianization can effectively improve 
the urban environment in western countries (e.g. Hass-Klau, 1990; Hall and Hass-Klau, 
1985; Chiquetto, 1997; Crabbe and Elsom, 1998 etc.). Moreover, they usually gain 
many public praises. In order to improve the deteriorating urban environment, Hong 
Kong government has embarked on a series of pedestrianization schemes in the busiest 
urban centers of Hong Kong. Therefore, it is high time to investigate whether 
pedestrianization is suitable for Hong Kong with particular reference, as far as this 
thesis is concerned, to its effectiveness in improving the air quality in the Hong Kong 
situation. This is not to say that the other functions of pedestrianization are of lesser 
importance, but only that those other aspects are in themselves studies of their own. 
The above has set out the background for this study which is to evaluate 
pedestrianization as a mean to alleviate air pollution in the vicinity of the 
pedestrianization schemes. This study has been carried out at the most appropriate 
time as some pedestrianization schemes were introduced within the study period and 
further extension of the schemes awaits evaluation of the initial results. Hence, this 
3 
study has endeavoured to collect both baseline information before pedestrianization 
and the actual results after pedestrianization. It is hoped that collection of the first hand 
data, on the air quality changes as well as human perceptions, will provide the much 
needed data to inform the government on her pedestrianization schemes for the whole 
of Hong Kong. 
1.3 Objectives of the Study 
In order to have a comprehensive view on the impacts of pedestrianization in 
Hong Kong, this study has taken a multi-thronged approach, including the 
mathematical modeling of pollutant concentrations, objective physical measurement 
of particulate level and subjective human appraisal of perceived air quality. In other 
words, this study takes on two perspectives: what have actually happened and what 
people perceive to have happened. This complementary objective and subjective 
assessment of the impact of pedestrianization on air quality should be the basis for 
environmental policy-making. The objectives of the study, in more specific terms, are: 
1. to predict and assess the impacts of government proposed pedestrianization scheme 
in Causeway Bay in improving the air quality; 
2. to monitor the change in particulate pollution with the implementation of 
pedestrianization; 
3. to assess the effect of pedestrianization on the air quality environment as perceived 
by the pedestrians; and 
4. to evaluate the effectiveness of pedestrianization as a means to improve air quality. 
4 
1.4 Study Area 
Causeway Bay has been selected to investigate the impact of 
pedestrianization in Hong Kong. There are several reasons for this choice. Foremost is 
that Hong Kong government has already decided to carry out a number of 
pedestrianization schemes in Causeway Bay which one of the busiest shopping 
districts for tourists and local people in Hong Kong. In Causeway Bay, there has 
already had been a pedestrian street market, Jardine's Crescent, for several years 
(location 1 in Figure 1.1). Moreover, Russell Street has also implemented another 
pedestrianization scheme during period of this study (Location 2 in Figure 1.1). 
Therefore, it has provided various examples of pedestrianization and has facilitated the 
"before and after" experimental design. 
In Hong Kong, Causeway Bay is well known for its high pedestrian volume, 
activities and flow. It is also a busy commercial area with very heavy traffic volume 
surrounded by many tall buildings, resulting in the typical street canyon which has the 
potential to trap air pollutants. In such an environment, pedestrians are particularly 
vulnerable to the poor ambient air quality. EPD's monitoring data (1999) pointed out 
that among the 14 monitoring sites in Hong Kong, Causeway Bay is the most polluted. 
Using Causeway Bay as a case study, this study examines the performance of 
pedestrianization in congested urban centre with worst air quality. 
5 
Study area for the air quality modeling 
Sampling streets for the physical measurement of particulate level 
1 Jardine's Crescent 
2 Russell Street 
Figure 1.1 The two different scale of the study area for air quality modeling and 
field measurement and the location of Russell Street and Jardine's Crescent 
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In order to gain a through understanding on the impact of pedestrianization 
on the air quality in Causeway, the study has been undertaken at two levels of scale, 
presented in different sections of this thesis. First, in order to get a general pattern of 
air pollution in Causeway Bay, the study covers the larger area of Causeway Bay 
(Figure 1.1). Modeling techniques have been used to simulate air pollutant levels in 
both the central area and part of the marginal areas in Causeway Bay. The study area at 
this scale covers both the government proposed pedestrian zones and their surrounding 
areas so than one can visualize the pollution pattern as a consequence of 
pedestrianization in Causeway Bay as a whole. At the second level which is more 
detailed, this study zooms into the particulate pollution and human response in some 
vehicular streets and pedestrianized streets in Causeway Bay where data are only 
collected at six different locations (Figure 1.1). The aim is to collect representative 
data to determine any change in particulate pollution levels due to pedestrianization. 
Samples were taken intensively in the six sampling streets in order to facilitate an 
in-depth analysis. Details of the study area and selection of streets for each phase of 
work will be presented in Chapter 3. 
1.5 Significance of the Study 
This study is significant in Hong Kong because it provides the much needed 
data for the formulation of a pedestrianization strategy for Hong Kong. Although 
there has been some scattered and piecemeal pedestrian streets in Hong Kong in the 
past, they were never part of an overall strategy, nor had they been implemented with 
specific goals such as improving the urban environment. Therefore, it is opportune to 
study pedestrianization and its impacts on urban atmospheric environment to provide 
useful information and advice on the present situation of pedestrianization and its 
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future impacts. The result of this study may serve as a reference for the management 
and mitigation of the traffic-generated air pollution problem in Hong Kong. 
Since Hong Kong has the mode of transport, degree of urbanization and 
cultural background different from that of western countries, this study can examine if 
the experience of pedestrianization overseas is applicable to Hong Kong. Relevant 
literatures show that pedestrianization has already been implemented in many western 
countries and has received different degree of acceptance and popularity. However, 
some researchers pinpointed that the success of pedestrianization depends on many 
factors such as the characteristics of the transport system, cultural background and 
social setting (Monheim, 1992; Hass-Klau, 1990). Therefore, pedestrianization, 
which has gained wide acceptance in western countries, may not have the same effects 
in Hong Kong. There is hence a pilot research to examine the effectiveness of 
pedestrianization in Hong Kong based on its distinct social characteristics and unique 
urban setting. 
Although there is already a fair amount of literature on overseas experience 
of pedestrianization, there have only been very few studies about pedestrianization in 
Hong Kong (e.g. Citizens Party, 1999a; 1999b; Barron et al., 1999; Wan, 1997; Li, 
1999). None of them has investigated the change in air quality after pedestrianization. 
The reports done by Citizens Party have just only reviewed the development history of 
pedestrianization in Hong Kong and described the possible benefit of 
pedestrianization. Barron et al (1999) introduced different pedestrianization types 
and suggests the possibility to evaluate pedestrianization based on multi criteria. 
However, the importance of using actual and perceived air quality to evaluate 
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pedestrianization has seldom been mentioned. Wan (1997) and Li (1999) mainly 
focused on the pedestrian zone designs, investigated how these designs improve urban 
environment but said little about the air quality changes. Therefore, it is hoped that 
this study can fill these knowledge gaps in Hong Kong. 
1.6 Organization of Thesis 
This is the introductory chapter of the thesis. It mainly introduces the 
research problems dealt with in this study and the study area. The objectives and the 
significance of this study are also outlined. Chapter Two reviews the literature on 
pedestrianization and human appraisal of air pollution and traffic measures as the 
background information of this study. Chapter Three describes the methodology of 
study. It covers the research rationale, modeling methods used and the assumption, 
sampling classification and strategy, modeling areas, sampling site selection, and 
questionnaire setting and methodology. Chapter Four discusses the results of the 
modeling work. It presents the predicted status of RSP, NO2 and CO and changes of 
pollutant levels after pedestrianization to evaluate the government's proposed 
pedestrianization scheme in Causeway Bay. Chapter Five presents the results of field 
measurement of particulate pollution in Causeway Bay in six representative streets 
before and after pedestrianization. It discusses the difference of particulate 
concentration and size distribution in Russell Street before and after pedestrianization, 
the change of particulate pollution pattern after the pedestrianization in Jardine's 
Crescent in contrast with the nearby vehicular streets and other factors affecting 
particulate level in Causeway Bay. Chapter Six discusses the influence of 
pedestrianization on human appraisal of air quality and identifies those characteristics 
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of pedestrianization that can help improve perceived air quality. Chapter Seven is the 
conclusion of the thesis, comprised of a summary of the findings and the discussion 
part. 
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CHAPTER TWO LITERATURE REVIEW 
This chapter reviews the relevant literature to provide for the background of 
this study. It presents the basic ideas of pedestrianization, reviews its past 
development and outlines our recent understanding of human perception and response 
towards roadside air pollution and pedestrianization. The chapter comprises three 
parts. First, the definition and development of pedestrianization are outlined and past 
research on pedestrianization and its impact on environment reviewed. The second 
section focuses on the development of pedestrianization in Hong Kong. Finally, 
changes of human response due to traffic measures and air quality improvement are 
discussed. 
2.1 Pedestrianization: Basic Ideas and History 
This section outlines the basic ideas and development of pedestrianization in 
various countries. It addresses four basic questions: 1. What is pedestrianization? 2. 
Why do we need pedestrianization? 3. How is it implemented in different countries? 
And finally, 4. What are the impacts of pedestrianization on the environment? 
2.1.1 Definition of Pedestrianization 
Pedestrianization, as suggested by the word, is the regain of the emphasis on 
the pedestrians' right to use the streets against vehicular traffic. According to Hong 
Kong Planning Standards and Guidelines (1991), pedestrianization is defined as “the 
permanent or temporary closure of all or parts of an existing vehicular street for the 
exclusive use of pedestrians”. It is also defined as the removal of traffic from the 
existing city streets, which may be followed by some treatment in terms of paving, 
street furniture and other details (Hall and Hass-Klau, 1985). Hass-Klau (1990) had 
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another more subjective description of pedestrianization as he commented that it is the 
“emancipation of the pedestrians", which pedestrians regain their right to use the road 
again and expel the vehicles from the roads. 
The term "traffic calming" is always seen together with the term 
pedestrianization in many research. It usually carried together with pedestrianization 
to improve the traffic condition. Hass-Klau (1990) stated that traffic calming is an 
overall transport policy concept in a wide sense. It refers to traffic measures which 
reduce the traffic volume in urban areas by reducing the vehicle space, number of trips, 
vehicle speed and changing the physical geometry of urban road network (Monheim, 
1992). Moreover, traffic calming involves redesigning streets for pedestrians and 
cycle space, parks and gardens (Whitelegg, 1990). It can be regarded as partial 
pedestrianization which alleviates the overburden of vehicles and expels non-essential 
traffic from the streets (Transport Department, 2000). 
Pedestrianization can be implemented in different formats and degree. 
Barron et al. (1999) described the design of pedestrianization in details and classified 
pedestrianization according to different time duration and functions performed (Fig. 
2.1). First, they concluded that pedestrianization can be implemented either in a full 
time scale or part time scale. Full-time pedestrianization means that vehicles are 
totally forbidden to enter the streets at anytime while part-time pedestrianization 
means that vehicle can only enter streets in particular time periods while the streets are 
free of vehicles at other times. Part-time pedestrianization can be further divided into 
three categories according to different implementation time (Fig. 2.1). 
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丨 L-.....——..「厂―- ——J ：」——1 1 1 vehicle-free zone rebuilt of streets 
Full Time Part Time with original into pedestrian 
Implementation Implementation streets form streets form 
I — = I — . . — � 
Weekend, Midday | I Hourly based shopping urban squares, Parks 
Sunday and in weekday | in partcular days streets and activities 
public holiday | I malls centres 
Figure 2.1 Classification of pedestrianization by time period and street landform 
Second, pedestrianization can also be classified according to the activities 
carried out on the streets and the functions performed (Barron et al., 1999). The 
pedestrianized streets can be vehicle-free zones with original street form or rebuilt into 
pedestrian street landform (Fig 2.1). Hass-Klau (1990) suggested that the 
pedestrianized street could be rebuilt into shopping streets or malls or gathering places 
such as activity centres and parks. 
2.1.2 Motivation of pedestrianization 
There are several reasons for the popularity of pedestrianization as a tool of 
traffic management and urban environment improvement. First, there are many 
complaints on the existing transportation system. One of those complaints is that 
priority has often been given to vehicular users rather than pedestrians and cyclists 
(Hass-Klau, 1990; Whitelegg, 1990; Banister, 1998; De Jong, 1986). Dimitriou (1992) 
suggested that it was the result of the traditional transport planning approach which 
overemphasized on the economic benefits of roads which tend to accommodate motor 
vehicle growth to sustain economic growth. They concluded that pedestrians are 
always sacrificed and ignored in road planning resulting in a rather poor and unsafe 
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pedestrian environment in the city. However, street, in the word of Tolley (1990), 
“should be designed primarily for living, but not travel". Nowadays, new transport 
policies have been proposed to bring a balanced development in the city with due 
regard to all users during the planning of the transport network (e.g. Dimitriou, 1992; 
Ullrich, 1990; Whitelegg, 1990). Hence, pedestrianization is proposed so as to 
increase the priority of pedestrians to use the street and provide a better pedestrian 
environment. 
The second motivation is to overcome the adverse effects of vehicular traffic. 
Overburden of vehicles can cause traffic congestion, making all the activities in cities 
coming to a standstill, lowering the city's productivity and causing great economic 
loss (Davis, 1992). There are also increasing conflicts between vehicles and 
pedestrians, and therefore, road safety deteriorates rapidly. In the word of Whyte 
(1984)，"the pavement is usually too narrow to accommodate too many people，，. For 
example, in Hong Kong, 4932 pedestrians were injured in road accidents in 1998, 
representing an increase of 29% compared to early 1990s (Citizens Party, 1999, The 
Transport Bureau, 2000). Heavy traffic flow also intensifies air and noise pollution 
and thus degrades our living environment. Scholars suggested that motor cars emit air 
pollutants which can threaten human health, such as lead, carbon dioxide, sulphur 
dioxide and nitrogen oxides (Pfeffer et al., 1995; Roorda-Knape et al., 1998; Lam et 
al, 1999). Tolley (1990) suggested that the traffic fumes, smell and dust are the 
greatest nuisance for the local public. Vehicular traffic also caused much unpleasant 
noise in the cities, e.g. horns, engine noise and tyre noise etc. Pedestrianization can 
promote the use of public transport by promoting walking, increasing pedestrian safety 
and limiting the use of vehicles in the city centre (Ullrich, 1990; Hall and Hass-Klau, 
1985). 
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Third, people's aspiration for living quality is getting higher all the time� 
With increasing affluence, people are more concerned about the quality of life such as 
having a better living environment, enjoying the natural scenery, etc. Such concerns 
have given the government much pressure to introduce environmental-friendly 
transport policies to improve urban environment e.g. pedestrianization. 
Pedestrianization is thus a product developed from this social and environmental 
context. 
Forth, promotion of the local economy is another reason for the 
development of pedestrianization. Hass-Klau (1990) suggested that the existing 
streets are too dirty and dangerous to walk in and thus people are drawn away from the 
streets resulting in a decrease of customers for retailing shops along the streets. Since 
pedestrianization improves can the environment and attract more pedestrians and 
shoppers, there will be a higher retailing turnover. For example, the retailing trade in 
the pedestrian zone in Nuremberg, Germany increased rapidly and resulted in rental 
growth of 42.5% between 1987-89 (Citizens Party, 1999). 
To conclude, pedestrianization is used to increase the pedestrian's priority to 
use the street, enhance pedestrian safety, improve the urban environment and promote 
public transport. On the other hand, people's expectation on urban environment has 
increased. More and more pressure has been applied to the government thus leading to 
the popularity of pedestrianization schemes. 
2.1.3 Learning from the Development of Pedestrianization in Other Cities 
In this section, the development and evolution of pedestrianization in 
different countries is firstly discussed, followed by a discussion of the elements for 
successful pedestrianization schemes. 
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Pedestrianization firstly began in the European countries in the 1930s (Hall 
and Hass-Klau, 1985). Among the European countries, Germany was the pioneer to 
introduce pedestrianization in cities such as Essen (1929), Cologne (1930) and 
Bremen (1931) (Hass-Klau, 1990). Afterwards, similar urges were raised in other 
countries like Britain, France and Netherlands as the idea of pedestrianization spread 
rapidly. 
Most pedestrianization schemes usually started with the closure of a single 
section of a street and later expanded to a more complete network. Ironically, these 
earliest pedestrianization schemes were usually the result of coincidence. Some were 
not introduced as a traffic restraint policy but for other reasons (Monheim, 1990). For 
example, the pedestrianization in Munich (1971) was initiated due to coincide with the 
20th Olympic Games. Pedestrianization in Norwich, Britain, was the result of a faulty 
sewer forcing the government to close London Street (MacDonald, 1979). 
Pedestrianization in Essen (1929) and Bremen (1931) started simply because the 
streets were too narrow to accommodate traffic. Although these schemes were not 
intentionally initiated to improve the pedestrian environment they were soon widely 
welcomed by the public. They have now become the well known and successful 
examples. 
In the post-World War II period, rail rapid transit was introduced together 
with the pedestrianization in the cities transport network. For example, Hannover's 
pedestrian area was one of the most well-known examples associated with an 
extensive underground light rail scheme in the 1970s (Hall and Hass-Klau, 1985). 
Since mass transit system connected the suburbs with the city centre and enhanced the 
accessibility to the city centre, the Germans could afford to create a car-free centre. 
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This dual policy - associate pedestrianization with underground rail system - was 
widely used in many cities in Germany at this period. 
During this period, pedestrianization became more and more popular and 
was implemented in many western countries. By 1955, twenty-one cities in Germany 
have pedestrianized areas and the number increased to forty-six by 1963 (Hall and 
Hass-Klau, 1985). Britain also became enthusiastic to implement pedestrianization 
schemes after the publication of Buchanand Report (a study on the long-term 
development of transport network in Britain) in 1963 (Hass-Klau, 1990). Many new 
towns (e.g. Cumbernauld (1968) and Milton Keynes (1969)) and large cities (e.g. 
Norwich (1967)，Liverpool (1968) and Leeds (1970)) implemented pedestrianization 
schemes (Coleman, 1985). Other western countries, such as the Netherlands and 
France, also started pedestrianization schemes in 1960s (Hall and Hass-Klau, 1985). 
The US was also enthusiastic in developing new pedestrian-oriented communities and 
passed the New Communities Act in 1960s (Untermann, 1990). 
With the continuously degrading urban environment, many countries were 
active and enthusiastic to investigate the possibility of having pedestrianization and 
started many pilot studies. Recently, Asian cities also have become aware of the 
problems caused by vehicle traffic and the potential benefits brought by 
pedestrianization. It is reported that Penang, Malaysia，Macau, Singapore and Japan 
have successfully introduced pedestrianization schemes (Citizens Party, 1999). Some 
cities in China have also implemented pedestrianization schemes in 1990s, and they 
include Zhongshan, Guangzhou, Shanghai and Beijing (Cody and Chang, 2001; 
Citizens Party, 1999). 
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From the past experience in different countries, some significant elements 
for a successful pedestrianization have been identified. Firstly, success of 
pedestrianized streets depends on the distance which pedestrians are willing to walk 
(Hall and Hass-Klau, 1985). Monheim (1980) pointed out that the willingness to walk 
depends on the purpose of the visit. For example, people going for shopping are more 
willing to walk than those going to work. Therefore, it is essential to know the 
purposes of the dominant users in the pedestrian streets so as to design the optimal 
length of pedestrian streets. 
The closeness and density of inner city areas also determine the popularity 
of pedestrianization. If the inner city areas are close together and well-connected, 
people tend to prefer walking or using public transport to travelling by cars, thus 
pedestrianization tends to be much successful. For example, in Frankfurt, 22% people 
lived within 1.5km from the city centre and 73% of them came on foot or by bicycle to 
the city centre (Hall and Hass-Klau, 1985). 
Moreover, public transportation system and pedestrianization can be 
mutually complementary (Hall and Hass-Klau, 1985). Hass-Klau (1990) and Tolley 
(1990) both concluded that different pedestrianization styles in Britain and Germany 
indicated that public transport could facilitate pedestrianization. In Germany, 
pedestrianization was implemented together with massive public transportation 
system (e.g. Hannover). In Britain, however, the cities tend to build large shopping 
malls, precincts or activities centre but pay little attention to promote public transport. 
They noted that the British type of pedestrianization was a more limited approach 
while the German type is superior to improving the city transportation system. Hall 
and Hass-Klau (1985) commented that German cities are more "car-less" than Britain 
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cities since most German cities were able to integrate pedestrianization with public 
transport system. Several scholars have also made similar comments on the 
effectiveness and efficiency of the use of public transport in facilitating a new 
integrated transportation system with balanced development of public transport, 
pedestrians and cycle users (e.g. Ullrich, 1990; Ramsay, 1990). 
2.1.4 Impacts of Pedestrianization on Environment 
Scholars suggested that pedestrianization can alleviate environmental 
problems caused by vehicular traffic. In the words of Lercher et al (1995), 
pedestrianization can turn the streets into "pedestrian oases，，in the city centres. 
One of the most serious environmental problems is air pollution. The 
effectiveness of pedestrianization in improving the air quality has been investigated 
(e.g. Chiquetto and Mackett, 1995; Chiquetto, 1997; Crabbe and Elsom, 1998 etc). 
Many western cities reported a decrease of air pollutant levels after pedestrianization� 
For example, with the time series measurement of pollutants before and after the 
implementation of pedestrianization, it is found that there was a reduction of 17.5% in 
CO, 10.4% m HC and 31.8% in NOx in Germany (Traffic Group of Schweiz, 1989). 
Crabbe and Elsom (1998) also reported that physical measurement was done and 
discovered a decrease of daily CO but increase in NO2, SO2, and O3 with the traffic 
calming scheme in Greater Hull, Britain. 
Other than physical measurement, scholars also assess the impacts of 
pedestrianization on air quality by using air dispersion models to estimate the change 
of air pollutant concentrations. Chiquetto and Mackett (1995) claimed that air 
pollutants can be reduced by up to 70% with the implementation of pedestrianization 
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in Chester, Britain, with little side effects in the neighborhood areas. Crabbe and 
Elsom (1998) also reported about 15% decrease of various pollutants with 
pedestrianization in City of London. 
Another environmental problem caused by vehicular traffic is noise. It is 
known that cars produce much unwanted sound including horn, rolling noise, engine 
noise and others, which can lead to stress and reduction in productivity (Jonah et al., 
1981). Chiqetto (1995) used traffic model and sound propagation model to simulate 
the effects of pedestrianization schemes on noise pollution. He concluded that 
although noise levels were far less sensitive to the change of traffic than air pollution, 
an average decrease of 0.7dB in LIO was found in Chester, Britain. Hence, It is 
expected that pedestrianization can also alleviate noise pollution by excluding noise 
sources (i.e. vehicles). 
Pedestrianization can also create better streets appearance and increase the 
aesthetic value of the city. The new pedestrian areas can certainly improve the street 
appearance by the better design of pavements, parks and urban square and use of 
colors, patterns, texture, landscaping, planting and technique to create a better 
landscape in the urban areas. May and Case (1982) pointed out that the redesign of 
street landscape into pedestrian streets could improve people's attitude towards city 
image. For example, people graded the city of Bamsley, Britain, of having 
significantly better appearance after pedestrianization. 
2.2 Pedestrianization in Hong Kong 
2.2.1 Development 
Pedestrianization is not a new idea in Hong Kong's planning system, 
however, it has rarely been considered seriously in the past. It is because the main aim 
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of the past planning design was mostly the promotion of economy and thus priority has 
always been given to vehicular users. Therefore, pedestrians are always sacrificed for 
increasing rooms for traffic and shopping facilities (Barron et al., 1999). But with the 
degradation of environment and poor traffic conditions, planners start to consider this 
option more. Hence, guidelines for pedestrianization were included in the Hong Kong 
Planning Standards and Guidelines since 1991. Furthermore, pedestrianization has 
been considered as an effective way to improve the environmental quality in the Third 
Comprehensive Transport Strategy. In the policy address by the chief executive in 
1999，the Government showed its main concerns in improving the living environment 
in Hong Kong. More resources will be allocated to carry out traffic management 
measures such as pedestrianization, traffic calming and baiming of polluting fuel etc. 
(Hong Kong Government, 1999a and 1999b). 
In Hong Kong, only a few pedestrianization schemes were carried out at the 
planning level. Only Stanley and Tsim Sha Tsui have better pedestrianization schemes 
at the town planning level (Citizens Party, 1999). Moreover, the government also 
considered the needs of pedestrians in new town planning. There are extensive 
pedestrian networks connected to the major railway hubs, e.g. in Fanling and Tai Po. 
More pedestrian facilities are provided such as a network of pedestrian paths and cycle 
tracks. 
Before massive pedestrianization plan were introduced in the late 1990s， 
there are already 10 small pedestrianization streets implemented in Hong Kong as 
reported by Citizen party (1999). Some of these pedestrianization streets are in force 
only on Sundays and public holidays while others are in effect throughout the whole 
week. However, they are usually short and small in scale. Following the repeated 
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calls from the public, the government has recently undertaken some studies about the 
possibility of having larger and more comprehensive pedestrianization schemes in 
denser areas (Transport Department, 2000). It has recently been suggested that there 
may be bigger pedestrianization schemes in Causeway Bay, Mongkok and Tsim Sha 
Tsui. 
In Year 2000, many pedestrianization schemes have been implemented in 
Hong Kong. Causeway Bay is the pilot site where 4 streets would undergo 
pedestrianization, they include Russell Street, Lee Garden Road, Kai Chiu Road and 
Jardine's Crescent (Transport Department, 2000; Mingpao News 23/2/2000; SCMP, 
23/2/2000). Moreover, pedestrianization schemes were also initiated in Stanley, 
Mongkok, Central, Wan Chai and Tsim Sha Tsui (Oriental daily, 19/1/2001). These 
pedestrianization plans aimed at improving the pedestrian environment in terms of 
better decoration, better planning and large areas. These pedestrianization schemes 
received much citizen's praise and the land rent within the pedestrian zone soon 
increased (Ta Kung Pa, 4/9/2000). 
2.2.2 Ways for Successful Pedestrianization in Hong Kong 
Overseas experience can shed insight on how one can make 
pedestrianization schemes in Hong Kong more successful. 
First, pedestrianization is suitable in Asian cities, such as Hong Kong, for 
historical reason. Dimitriou (1992) pointed out that Asian cities usually have several 
thriving street markets that form an integrated part of the social and economic life of a 
city. For example, in Hong Kong, some streets have been periodically assigned for 
pedestrians use as street markets (e.g. Tung Choi Street, i.e., Ladies' street, in 
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Mongkok and Jardine's Crescent in Causeway Bay). This arrangement has been found 
in Asian cities long time ago and people are used to this type of streets in the cities. 
Pedestrianization can help to reduce the traffic volume in the area and can be an 
effective means to preserve these streets, which have special significance to Asian 
countries. Therefore, pedestrianization scheme in these formerly periodic street 
markets or streets which are originally full of pedestrians should be welcomed by 
people. 
Second, Chiquetto (1995) pinpointed that usually pedestrianization is 
applied to areas of predominantly pedestrian use, particularly in central and 
high-density areas, along main shopping streets because of the sheer pedestrian flow 
and the significant potential conflicts between pedestrians and vehicles. The 
pre-dominance of pedestrians has inherent advantages to the pedestrianization 
schemes. The number of pedestrians are more than that of the car-users in these streets 
and thus pedestrianization scheme will be welcomed by most of the users of these 
streets. Hong Kong has high population density and city centres like Central, Wan 
Chai, Admiralty and Causeway Bay are overcrowded. Therefore, the walking distance 
is short enough to promote walking as transport means. 
Moreover, Hong Kong has comparatively low motor car ownership and thus 
has relatively lower dependence on private vehicles (Dimitriou, 1992). Statistics 
showed that less than 1 out of 10 people have access to a private car in Hong Kong 
(Citizen Party, 1999). Due to high cost of owning private vehicles, most people in 
Hong Kong travel by public transport and nearly all are pedestrians during different 
times of the day. In Hong Kong, there are often more pedestrians than vehicle users in 
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busy urban streets. Therefore, pedestrianization can guarantee the rights for the 
majority people who use the streets in the city centres. 
The well-developed public transportation systems in Hong Kong also 
facilitate pedestrianization schemes. There are various well-connected public transport 
in Hong Kong, including underground rail, tram, light transit, bus and mini-bus etc, 
and thus enhance the high accessibility in the cities. It is reported that the Hong Kong 
public transport is one of the few cases in the world which have a surplus budget and 
their high-capacity service are judged to be the best internationally (Dimitriou, 1992). 
As a result, people can gain access to the heart of the pedestrianized city centre by 
public transport so the prohibition of vehicles in the pedestrian areas will not have 
much negative effects on them. It is expected that pedestrianization in Hong Kong 
will encounter fewer obstacles and will gain widespread support from most of the 
people. 
2.3 Human Perception and Response on Air Pollution and Pedestrianization 
This section will first introduce the concept of "Human perception" 
followed by a review of previous research about human perception on air pollution. 
Finally, the potential impacts of traffic measures on human perception are reviewed. 
2.3.1 Introduction of Human Perception 
Perception can be conceptualized as a complex interaction between man and 
the environment (Pocock and Hudson, 1978). Figure 2.2 shows the framework of the 
perception process. Firstly, there are various kinds of environmental information 
about air pollution in the physical world, such as attributes of different air pollutants 
and facts and knowledge of air pollution. Such information can be first-hand data, 
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which is obtained by self-observation, or second-hand data, which is obtained from 
books, mass media and other people. Since environmental information is abundant 
and complex, people will only select part of the information to form their images of 
perceived environment. This selecting process is affected by many factors such as 
socio-economic characteristics and cultural background etc. People will then take 
corresponding action based on their perceived image. Since the filtering and 
processing of incomplete information may distort perceived image, human behaviour 
will change correspondingly. This study focuses on how pedestrianization and which 
of its characteristics can affect human perception on air quality. 
Scholars suggested that there are three levels of perception, namely 
cognition, affection and behavior (e.g. Pocock and Hudson, 1978; Zeidner and 
Shechter, 1988). Cognition refers to the mental process involved in acquiring 
knowledge (Weiten, 1995). It is concerned with the knowledge of issue and the 
environmental information, and is therefore not affected by one's preference and 
affection. Affection is the appraisal and assessment of the environment (e.g. perceived 
air quality level). According to Zeidner and Shechter (1988), affection of air pollution 
is shown by the anger and anxiety of public. It has to do with the perceiver's feeling 
and preference. Behavior is a product of cognition and affection. It relates to one's 
behavioral intention and indicates his/her intention to act against the perceived image 
(Pocock and Hudson, 1978). 
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Fig 2.2 A conceptual framework of perception process 
(Source: Pocock and Hudson, 1978) 
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2.3.2 Human Perception of Air Pollution 
Air pollution is a typical example of daily hassles which attracted less 
awareness and concerns than other problems. Lazarus and Cohen (1977) distinguished 
different kinds of stress produced by the environment, including cataclysmic 
phenomena, critical events and daily hassles. Unlike the former two, daily hassles are 
more stable over time and less urgent and people have much information about air 
pollution since it is always there and people have much contact with it. It is found that 
different types of this inforaiation can affect different levels of human perception. 
For the cognitive aspect on air pollution, there are many determining factors. 
Several researches reported that particulate matter and odor are the best known 
indicators of air pollution compared to colorless and odorless pollutants. Barker (1976) 
explained that people usually perceived the surrounding by their basic sensory systems 
such as olfaction, audition and optical sense. For air pollution, visual and olfactory 
stimuli of pollutants are the easiest parameters to be detected. Boulter (1998) also 
suggested that people could easily detect air pollution due to the soiling effect of 
smoke and dust because these make the clothes, skins and home furniture dirty. The 
study of McCrae and Williams (1994) reported that 50% of pedestrians and 
householders are bothered by air pollution with dust/dirt, smoke and odor in Britain. 
Forsberg et al. (1997) also suggested the irritation by the pollutants, such as sore throat 
and difficulty in breathing, also contribute to the easy detection of air pollution. 
Scholars also explained human detection on air pollution by the adaptation 
theory. According to adaptation level theory, people who are continuously exposed to 
a particular stimulus will use it as a standard against which they judge other similar 
stimuli (Evans et al., 1982b). It is found that even they have the same physical 
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detection sensitivity (detection threshold) than others who do not expose continuously 
to air pollution, they tend to deny the presence of it as a potential threat, thus complain 
less about the air pollution. Such phenomenon is called psychological denial or 
cognitive dissonance. It occurs when there is inconsistency between believes and 
behaviors (Evans et al., 1982a; 1988; Wohlwill, 1974). For example, people living in 
an air-polluted area is inconsistent with their needs to live in a desirable place with 
high living environment quality, therefore they will tend to deny the extent of air 
pollution problem to restore the balance between perceived environment and their 
needs. Such phenomena were supported by many researches in air pollution (e.g. 
Evans et al., 1988; Moschandreas and Chang, 1994). Therefore, people who have 
habitually experienced a pollutant may use a different standard to detect or assess it 
than other people who have little experience with that pollutant. 
The exposure duration not only affects the cognitive level but also the 
affective level of human perception on air pollution. The effects of air pollution on 
human affection have recently been conceptualized and modeled from a psychological 
stress perspective (Lazarus and Cohen, 1978; Baum et al., 1981). From the view of 
environmental stress perspective, it is believed that if people are in the overload 
condition for a continuous period (i.e. they are exposed to acute levels of ambient air 
pollution over a long period of time), they are often characterized by high anxiety, 
anger and depression. 
Different demographic and socio-economic factors can affect both cognitive 
and affective aspects of perceived air pollution. First, some scholars suggested that 
females, youngsters and adults tend to recognize air pollution as a problem and rate it 
as serious in their society than male and the elderly (Forsberg et al, 1997; Zeidner and 
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Shechter, 1988). Moreover, people who have higher socio-economic status are usually 
more apt to be aware of air pollution problems. McCrae and Williams (1994) and 
Hokka et al (1999) both suggested that environmental issue become more important 
once people are satisfied with other social priorities. Therefore, the rich will show 
more concern and disgust on air pollution while the poor consider other social 
problems as more important and urgent matters (such as unemployment and crime rate 
etc). 
Furthermore, Hokka et al (1999) suggested that accessibility and 
availability of information is another factor affecting air pollution detection and 
human affection. When people have more knowledge about air pollution, they will be 
more capable to detect the occurrence of air pollution. Moreover, they will show more 
negative feelings, such as disgust or fear, because they are informed more about the 
danger and adverse effects of air pollution. Therefore, people who have a higher 
accessibility of relevance information show more awareness and negative affection on 
air pollution. 
Mass media is another factor affecting cognitive and affective aspects of 
perceived air pollution affecting by mass media. Moschandreas and Chang (1994) 
have done a research on the public opinion on air pollution as influenced by mass 
media. It is found that over 60% of the respondents selected air pollution as the serious 
urban problem after the propagation in newspaper series and TV program，which is 
24% higher than usual. Therefore, mass media can enhance the detection of air 
pollution. Moreover, mass media can affect human affection both positively and 
negatively. As aforementioned, people who know more about the danger of air 
pollution will have a more negative attitude toward air pollution. On the other hand, 
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mass media and government publicity can also provide more information about 
government measures to tackle air pollution and thus arouse positive feelings of public 
for improving air quality. Barker (1976) reported that when the government of 
Sheffield, Britain launched a publicity campaign aimed at improving city air quality 
and promoting the “clear air now" image in 1971, the residents reported an 
improvement of air quality. 
Different parameters can also affect the conative aspect of perceived air 
pollution. According to Winneke (1996), human behavioral response can be classified 
into different styles of coping behavior, namely problem-oriented, avoidance and 
emotion-oriented. Problem-oriented behavior means active response to tackle the 
source of pollution, i.e. problem solving. For example, taking action to solve the air 
pollution, joining demonstration to protest against air pollution and urging the 
government to take environmental protection actions etc. Emotion-oriented behavior 
refers to actions that control one's emotion with the presence of pollution by diverting 
one's concentration to other things (such as eating, drinking or exercising) and trying 
to stay calm and be optimistic in the poor situation. Avoidance coping behavior refers 
to actions to avoid any contacts with the stressors (i.e. air pollution), for example, stay 
indoors when the outdoor air quality is poor and moving to a better air quality district. 
For problem-oriented coping behavior, Evans et al (1988) suggested that for 
people who have greater sense of belonging towards the community and those who are 
willing to be actively involved in the community, they are more likely to adopt 
problem-oriented behavior. From their study, these people showed more concern for 
the air pollution problems and were three times more likely to urge their elected 
officials to seek effective controls in air pollution than the average individual� 
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Since individuals can do little to reduce the environment problem that are 
caused by the whole community, regulating emotion is a more effective way to deal 
with the air pollution problem (Winneke et al., 1996). For emotion-oriented behavior, 
people tend to cope with air pollution in more emotional ways, and they would be less 
likely to have active response. In the study of Evans (1988)，people who believed the 
problem is exaggerated tend to complain less. Moreover, they also investigated the 
behavior of people calling an environmental hotline to complain about pollution. It is 
found that non-callers were more apt to blame other people for the air pollution, tried 
to put their mind on other issues and not to consider it as a problem. 
Avoidance behavior is also common responses to deal with air pollution. In 
the study of Evans et al (1988)，51% of people avoid outdoor physical activities when 
there is high level of smog. Winneke et al. (1996) concluded that people who adopt 
avoiding coping style are significantly less annoyed by air pollution while those who 
have problem-oriented coping behavior experience more annoyance. It is because 
more problem solving actions usually end up in failure while avoidance behavior is 
more favored to preserve the consistence between their believe and behavior. 
2.3.3 Changes of Human Perception in Response to the Changes of 
Environmental Quality After Pedestrianization 
With the implementation of traffic management scheme, some researchers 
suggested that people's attitude towards environment quality will change 
correspondingly (Anderson et al, 1998; Taylor and Brook, 1998). Moreover, different 
traffic measures will result in changes in perceived environmental quality. Taylor and 
Brook (1998) suggested that encouraging policies are more powerful to change human 
perception than punishment policies since the former are positive measures which 
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always attained a high level of acceptance and much welcomed by the public. 
Anderson et al (1998) have done a questionnaire survey in Ashford, USA and asserted 
that two or more "carrots" measures interact together will be more effective to modify 
human behaviors than any "stick" measure. 
Pedestrianization is one of the encouraging policies which encourage people 
to walk and use public transport by providing a better walking environment, and thus 
is believed to be able to influence perceived human environment to a great extent. In 
many researches, improvement of perceived environmental quality is found after the 
implementation of traffic calming schemes. For example, Anderson et al (1998) 
reported that the traffic management scheme, including traffic calming and 
pedestrianization, gain much popularity in Ashford, USA. Respondents reported an 
improved perceived environmental quality after the implementation of the scheme. 
May et al (1982) also reported an increase of satisfaction scoring on several 
environmental parameters (noise, air and appearance) in Bamsley, Britain, after the 
implementation of pedestrianization, bus re-routing and cycle path provision. 
Several researchers investigated the impact of pedestrianization on 
perceived air quality. It is found that people usually perceive better air quality with 
pedestrianization. Mackie and Davies (1981) suggested that the reduction of dust and 
dirt after traffic calming scheme is the main factor for the reduction of perceived 
nuisance. They stated that there was a significant improvement of perceived air 
quality in nine British towns resulting from a reduction of dust level after 
pedestrianization. They also found that perceived air quality improved when lorries 
had been re-routed. From the research by Taylor (1996), an improvement of perceived 
air quality was reported in Leicester and Brighton, Britain (Boulter, 1998). Originally, 
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the two cities had serious air pollution while 60% of the people felt air pollution was 
unacceptable. With an introduction of traffic management scheme, 72% of the people 
regarded air quality as acceptable. 
However, Boulter (1998) commented that the effects of traffic calming on 
the annoyance of air pollution showed a large variation from site to site. Some studies 
show even contradictory results. For example, in a study by Windle and Mickie 
(1992)，there was no change in perceived dirt and fumes since the introduction of 
traffic calming measures in Exeter, Sutton, Maidstone and Bridgewater, Britain. 
Wheeler et al (1997) even reported an increase in air pollutant level and traffic fumes 
after traffic calming in Thomey, Cambridgeshire, and Britain. 
As shown in the literature, the effectiveness of traffic management measures 
to improve the air quality is still a debatable issue and the impacts of pedestrianization 
may vary from place to place. Therefore, it shows the need for conducting a research 
on the impacts of pedestrianization in Hong Kong. 
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CHAPTER THREE METHODOLOGY 
This chapter describes the research approach and methodology and 
discusses their appropriateness and limitations. In order to gain an in-depth 
understanding of the roadsides air quality in Causeway Bay, the study was carried out 
from the angle of objective evaluation and subjective assessment. Throughout the 
whole study, the BACIPR (Before-Afler-Control-Impact-Perceived-Reality) approach 
was adopted, which the investigation focused on the air quality before and after 
pedestrianization, in the pedestrianized and control streets and involved the perceived 
and actual air quality. This chapter consists of four parts. First, the overall research 
design is briefly outlined. It is then followed by a description of the rationale behind 
the BACIPR approach. The rationale behind objective air quality assessment is then 
discussed. Finally, the subjective air quality assessment is described. 
3.1 Research Design 
The main characteristic of this study is multi-dimensional, which includes 
both objective measurements and subjective assessment. Most previous studies relied 
on physical measurement of the air pollutant concentration to assess the atmospheric 
environment. However, more and more scholars have recently recognized that 
physical measurements are meaningless unless they are related to human reaction. 
Since environmental problems are related to people, thus the ultimate goal of 
environmental planning is to establish a management system which both community 
appraisals and objective indicators can play a significant role in setting standards and 
policies (Barker, 1976). As a result, the assessment of the effectiveness of 
pedestrianization should include both objective physical measurement and subjective 
human evaluation, as has been done in this study. 
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In this study, objective assessment includes air dispersion modeling and 
physical measurement (Fig. 3.1). Firstly, air dispersion modeling was used to simulate 
the general change in the air pollution level in the whole Causeway Bay as a result of 
pedestrianization. Secondly, physical measurement of the concentration of air 
particulates was carried out in six selected streets within and near the pedestrian zone 
to gain an in-depth understanding of the situation. Subjective assessment of air quality 
in Causeway Bay refers to the questionnaire survey of the human perception of air 
quality in Causeway Bay before and after pedestrianization, with the aim of 
investigating how pedestrianization can affect perceived air quality and how the 
perceived air quality varies with the actual one. 
Objective assessment < = > Subjective evaluation 
Air dispersion Modeling Questionnaire Survey 
Physical Measurement 
Figure 3.1 Schematics of the research design 
3.2 BACIPR Approach 
In order to investigate how pedestrianization can improve the actual air 
quality and human perceived environment, this study aims at examining the issue from 
different angles. Other than using objective and subjective assessment alone, the 
BACIPR approach was used in both the subjective and objective assessment. 
BACI is already a well-established approach in ecological and 
environmental studies which examine the impacts of a development on the 
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environment (Underwood, 1992). It measures the changes in the environment as a 
consequence of a development or a proposed development. Such a research design 
was probably first proposed by Green (1979) and it then soon become popular among 
researchers. It was discussed by many scholars, such as Bernstein and Zalinski (1983), 
Hurlbert (1984) and Stewart-Oaten et al. (1986). 
General speaking, “BACI approach" is a research design which collects and 
measures samples in control (C) and impact (I) sites before (B) and after (A) the 
development occurs. As human feelings are not only affected by the physical but also 
the perceived environment, this study also evaluates on how the human perception (P) 
may depart from the reality (R). Therefore, this study includes 3 different aspects: BA, 
CI and PR. 
“B，，and “A” represent "BEFORE" and "AFTER". This study examines the 
extent to which air quality can be improved by pedestrianization. The concentrations 
of different air pollutants were simulated and for one of them, the air particulates, was 
measured before and after pedestrianization in order to monitor changes in air quality. 
The other air pollutants have not been physically measured because there is as yet no 
reliable portable equipment capable of measuring short term CO, NO^ and SO] which 
are commonly found in the urban environment. Moreover, it has been highlighted that 
in urban Hong Kong, fine air particulate is the major pollutant of concern 
(Gervat，1995). 
“C，，and “1” represent "CONTROL" and “IMPACT”. In this study, control 
sites and impact sites were selected to measure the concentration of particulates. 
Impact sites refer to the streets that were pedestrianized while control sites were used 
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as controls. It is crucial that the impact and control sites in this study are as similar as 
possible in all characteristics, except for the different treatment (i.e. implementation of 
pedestrianization). Since the control and the impact sites are alike in most aspects 
except for implementation of pedestrianization, any change of particulates level before 
and after will be effect of the treatment (i.e. pedestrianization). In this way, we can 
ascertain the difference in particulates concentration as a result of pedestrianization. 
The third dimension explored in this study is “P and R" - PERCEPTION and 
REALITY — aiming at revealing the differences between the perceived and objectively 
measured air quality. Perception of the surrounding environmental quality is rather 
subjective and is often affected by psychological factors. As a result, it is essential to 
examine how people perceive the air quality of their surrounding environment in order 
to refine the remedial actions for higher quality of life. Hence, a questionnaire survey, 
designed to investigate how people perceive the environmental quality, was carried out 
at the same time and location physical measurements of particulates level were 
undertaken. 
To sum up, this study comprises of both objective assessment (modeling, 
physical measurement) and subjective assessment (questionnaire survey)�BACIPR 
approach was used. Such an approach requires the execution of a number of tasks. 
Firstly, the air pollution level was simulated in proposed pedestrian zone and the 
surrounding area before and after the pedestrianization scheme (BA). Secondly, TSP, 
PMIO and PM2 levels were measured in the control and proposed impact streets 
before and after pedestrianization (BACI). Thirdly, a questionnaire survey was done 
simultaneously with physical measurement in the control sites and the impact sites，to 
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investigate pedestrians' subjective opinions before and after pedestrianization and 
facilitate the comparison with the measured air pollutants level (BACIPR). 
3.3 Objective Assessment of the influence of pedestrianization on air quality 
In this study, the concentrations of air pollutants, such as TSP, RSP, CO and 
NO2 were used as objective parameters for air quality assessment. First, air pollution 
levels were simulated by air dispersion model in order to get a general view of 
Causeway Bay's air quality and the possible impact of the pedestrianization scheme. 
Second, physical measurement of TSP, PMIO and PM2 levels were done in several 
streets in Causeway Bay. 
The result was then compared with Hong Kong Air Quality Objectives 
(AQOs) in order to determine how the seriousness of air pollution is. The AQOs used 
for the study are shown in Table 3.1 below. 
Table 3.1 Hong Kong Air Quality Obj ectives (|Lig/m^) 
Pollutant Average Time  
1 hour 8 hours 24 hours 1 year 
Total Suspended Particulates (TSP) --- --- 260 80 
Respirable Suspended Particulates (RSP) --- --- 180 55 
Nitrogen Dioxide (NO2) 300 — 150 80 
Carbon Monoxide (CO) 30000 10000 — — 
However, since there is as yet no statutory 1-hr AQO for RSP, the 24-hour 
standard was used to estimate the 1-hour standard by the following equation. This was 
undertaken for two reasons. Firstly, because the pedestrianization schemes in Hong 
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Kong are implemented only for part of the day, a 24-hour standard is not applicable. 
Secondly, the use of the 1-hour standard facilitates comparison with other air 
pollutants for which 1-hour standards have already been set. The estimated 1 -hour 
standard for RSP is 308 |Lig/m'. 
Xs - Xk (tk0.17/ts) 
Where X^  is the desired concentration estimate for the sampling time, t^ ; Xj, is the 
concentration for sampling time, t^ . 
3.3.1 Model Prediction 
The main purposes of modeling are three: (1) an estimation of the present 
status of air pollution levels in Causeway Bay; (2) an assessment of the 
pedestrianization scheme in improving the air quality in Causeway Bay; and (3) an 
evaluation of variations of the pedestrianization scheme in improving air quality. 
To achieve the above aims, a Gaussian air dispersion model，CALINE 4, 
(source of this software should be given) was utilized to predict the air pollution level. 
CALINE 4 is a linear source air quality model. Its main purpose is to assess the air 
quality impacts near transportation facilities. It uses traffic emission, site geometry 
and meteorology to predict traffic related air pollutant concentrations. The model has 
been widely used in the USA and Hong Kong and most of environmental consultant 
firms. In this study, CALINE 4 was used for three tasks: (1) simulating the present air 
pollution level in the proposed pedestrian zone and its surrounding area in Causeway 
Bay; (2) predicting the air pollution levels after the implementation of 
pedestrianization scheme; and (3) predicting the change of RSP in a single street 
section with full-time pedestrianization. 
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To use CALINE 4, the following data have to be input into the model: 
(a) Traffic data 
It is known that air quality varies with meteorological conditions 
even if the emission levels remain the same. Since it is impossible to model 
the many possibilities of meteorological conditions, the worst case scenario 
approach has been adopted in this study. Similarly, to assess the worst 
possible conditions, the worst-case traffic volume was used. Traffic data, 
such as traffic flow and vehicle type proportion in every street, was recorded 
in the field in the evening peak hour (after 5:30pm). It is expected that the 
traffic flow in the evening peak hour will be the greatest throughout the day 
and thus the air pollution level should be the highest. On-site traffic data 
survey was undertaken and the traffic flow was counted in forty streets in 
Causeway Bay. The measurement period for each street was 30 minutes. For 
air pollution simulation, the maximum 1-hour traffic flow was estimated by 
multiplying the thirty-minutes traffic flow by a factor of two. 
In the on-site traffic flow survey, vehicles were counted and classified 
into 6 different types, namely cars，taxis，public light bus, bus, light goods 
vehicle and heavy goods vehicle. The data so obtained were then used to 
estimate the vehicle flow composition and the composite emission factors of 
various pollutants in each street. 
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(b) Link data 
The characteristics of each road link were gathered from 1:1000 
digital maps of Causeway Bay. The coordinates and the width of each street 
were obtained from the digital map. 
(c) Baseline environment data 
To identify the background pollution levels for the model run, 
reference has been taken from the EPD monitoring data. Background 
pollution levels were taken from the Causeway Bay Air Quality Monitoring 
Station run by EPD. In the model, the background pollution levels refer to 
the ambient environment without any vehicle's influence. During a normal 
day, the period from 4am to 5 am would be the lowest and it is thus assumed 
that the ambient background would be the average concentration of CO, 
RSP and NO2 recorded from 4 a.m. to 5 a.m. in 1998 in Causeway Bay 
Monitoring Station for the model run. For the simulation of NO2，ambient 
NO and O3 concentrations were also inputted. The Annual average of NO 
and O3 in Causeway Bay Monitoring Station in 1998 was thus used for the 
model run. 
(d) Meteorological data 
As afore-mentioned, the Daytime worst case scenario meteorological 
conditions were used for the model runs which is a practice in line with 
current practice in Hong Kong in Environmental Assessment studies. The 
typical input parameters for the model are listed in Table 3.2 below: 
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Table 3. 2 Meteorological Parameters used in Air Quality Simulation 
Wing Speed: 1 m/s 
Wind Direction: worst case for each receiver 
Atmospheric Stability Class: 4 (D) 
Mixing Height 500 m 
Wind Direction Standard Deviation: 1 
Ambient Temperature 25.5 
Aerodynamic Roughness 100 cm 
Modeled area in Causeway Bay was selected for the simulation of air 
quality. The area delineated for the model runs are marked by a blue boundary and 
was 630 m by 630 m (Fig. 3.2). The area covered by model runs also includes the 
proposed pedestrian zone (red boundary area) and its surrounding areas. There were 
total five hundred and eighty receptor points in the modeling at 10 m to 30 m intervals 
(denser along the streets). The northern part of the modeled area has a larger 
proportion of residential land use. The southwestern part of the modeled area is the 
urban core of Causeway Bay which is also the busiest area with mainly commercial 
land uses, the highest pedestrian flow and traffic volume than the area in the periphery. 




Figure 3.2 Modeled area for the change of air quality due to the 
pedestrianization scheme in Causeway Bay 
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To investigate the air quality in Causeway Bay, several air pollutants were 
chosen for simulation including RSP, NO2 and CO. Under the Air Pollution Control 
(Motor Vehicle Fuel) Regulation, the sulphur content of diesel fuel is required to be 
less than 0.05%. With such a low level of sulphur content, adverse SO2 impact is 
unlikely. Therefore, only NO2, C O and RSP levels, all closely related to vehicular 
emission, were considered in this study and were thus simulated. 
To predict the air pollution levels following implementation of the 
pedestrianization scheme, a different set of traffic flow data was used. In this study, 
the traffic flow in the pedestrianized streets was assumed to carry only 50% of the 
original traffic. As stated by the government, most of the streets in the pedestrian zone 
will become traffic calming streets which pedestrian's priority to use the streets will be 
considered first. Therefore, although not all vehicles are banned, the traffic volume 
will be reduced. According to The Transport department, it is predicted that in the first 
phase of the pedestrianization scheme, the traffic flow will be reduced by as many as 
500-600 vehicles per hour in the peak hour (Mingpao News, 23/2/2000). When 
compared to the traffic data survey obtained in this study, a reduction of 500-600 
vehicles in the busiest street in Causeway Bay would be about a 50% reduction. The 
same magnitude of reduction was also assumed in some other overseas studies. For 
example, Crabbe and Elsom (1998) reported a 50% decrease in traffic flow in the 
pedestrianization zones in the City of London. Therefore, in this study, a different set 
of traffic data, 50% of the original flow, was then used to predict RSP, NO2 and C O 
concentration after pedestrianization. 
As aforementioned, most of the streets included in the proposed pedestrian 
scheme will be changed into traffic calming streets where vehicles will be not totally 
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forbidden from the streets. Therefore, in order to further investigate the air quality 
impacts resulted from a total banning of vehicle entry in the streets, model simulation 
was also done in Russell Street with the implementation of a full-time 
pedestrianization. In this part of the simulation exercise, the modeling area was much 
smaller than that described in the previous section. Fig 3.3 shows the modeled area， 
which includes only the Russell Street and its immediate vicinity. Russell Street (the 
grey street) was changed from a vehicular street into a pedestrianized street during the 
field measurement period. The total modeled area was 74 m x 65 m within which are 
120 receptor points located at 3 m to 10 m intervals. 
\ Y + 
\ \ Russeil Street \ y Z 
\ Cl 1 r : l i n g 
10 0 10 20 Meters 
Figure 3.3 Modeling area for the change in RSP level in Russell Street with 
pedestrianization 
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Since only measurements of air particulates were made in the streets 
selected for the objective physical measurement, simulation runs were only 
undertaken for RSP levels before and after full-time pedestrianization in Russell Street. 
The data input for the model simulation in Russell Street was same as the previous 
model. However, to predict the air pollution levels following implementation of the 
pedestrianization scheme, traffic flow data in Russell Street was set to be zero since no 
vehicles was allowed to enter Russell Street after pedestrianization. The RSP 
concentration after full time pedestrianization was then compared with that before so 
that the effectiveness of full-time pedestrianization in improving air quality could be 
ascertained. 
3.3.2 Physical Measurement of Particulates 
In this study, the physical measurement of air quality focuses on air 
particulate pollution. There are several reasons for investigating the particulate 
concentration and its characteristics in Causeway Bay. Firstly, previous research on 
air pollution suggested that air particulates have great adverse impacts on human 
health. Among the air particulate, the finer fractions are more dangerous to human 
because they can pass through our respiratory defense and deposit in the alveoli。 
Moreover, particulates pollution has long been as serious problem in Hong Kong 
(Gervat, 1995). It threatens residents' health and arouses much awareness in the public 
(EPD homepage). Recently, it is found that Causeway Bay has very high Air Pollution 
Index for a lot of the time indicating a high air pollution level and especially high 
concentration of RSP (EPD homepage, 1999). Moreover, from the preliminary result 
of the modeling, RSP is also the most serious air pollution problem in Causeway Bay 
of the three air pollutants simulated. For these reasons, the study investigates the 
changes of particulate level and the particulate size distribution after pedestrianization。 
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Particulate concentration and size distribution were measured in several 
streets in Causeway Bay both before and after pedestrianization. The sampling times 
matched the implementation of the pedestrianization scheme. Hong Kong government 
announced the scheme in June 1999. In-situ field measurements were undertaken 
from August 1999 to November 2000 on six different streets in Causeway Bay 
covering different seasons. As shown in Table 3.3,data collected in the summer and 
winter in year 1999 covered the conditions before pedestrianization while those 
collected from mid January 2000 to late November 2000 were after. 
Table 3.3 Measurement schedule 
Summer: mid Aug 1999 - early Oct, 1999 vehicular streets 
Autumn: late Oct 1999 - mid Dec, 1999 vehicular streets 
Winter: mid Jan 2000 - late Feb 2000 Russell street was implemented full-
time pedestrianization 
Spring: mid Mar 2000 - early M a y 2000 Russell street was implemented full-
time pedestrianization and the street 
was rebuilt into a pedestrian 
streetscape 
with tree-planting, lighting and 
decoration 
Summer: mid Aug 2000 - late Sept, 2000 same as before 
Autumn: mid Oct 2000 - late Nov, 2000 same as before — 
Previous research suggested that many factors can affect particulates 
concentration. Therefore, measurements were undertaken under different 
circumstances, such as different seasons, weather conditions，days of the week and 
traffic conditions. Firstly, measurements were carried out in different seasons so as to 
examine the seasonal effects. It is also believed that rainfall amount can affect 
particulates pollution and thus particulates were measured both on fine days and 
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following rainy days. Moreover, particulates were also measured both during the 
peak-hour and non-peak hour of the day in terms of traffic flow. Since human 
activities may differ on weekdays and weekend and public holidays, different kinds of 
days were also sampled. This sampling strategy is portrayed in Figure 3.4 which 




Fine days R a i n y d a } ^ | Peak hours Non-peak hours 
Peak hours Non-peak hours Peak hours Non-peak hours 
Figure 3.4 Classification of sampling 
To implement the above sampling strategy, the following protocol is 
followed. Firstly, sampling for weekdays was carried on Mondays to Fridays while 
those for non-weekdays on Saturdays, Sundays and public holidays. A fine day is 
defined as one which has at least several fine days before the measurement. On the 
contrary, a rainy day is one which has several rainy days before the measurement。For 
non-weekdays, samples were only taken on fine days because of the limitation of time。 
Regarding peak- hour and non-peak hour, it is believed that the traffic flow pattern is 
different on weekdays and non-weekdays, so different classification schemes apply. 
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For weekdays, peak hour refers to any time period between 10:00am and after 5:30pm 
while non-peak hour refer to any time period between 10:00am to 5:30pm. For non-
weekdays, peak hour refers to time period after 12:00am; non-peak hour refers to time 
period before 12:00am. 
As regards the sampling procedure, particulate concentration was measured 
for forty-five minutes for each measurement at a sampling location. During that 
period, the average particulates concentrations were stored for future estimation of the 
average for the whole sampling period. Due to the limitation of resources and 
manpower, measurements at the impact and the corresponding control sites could not 
be taken simultaneously. However, to facilitate comparison, measurements of impact 
sites and the corresponding control sites were taken under similar traffic flow period 
(peak hour or non-peak hour) on the same day. To enhance the representativeness of 
the measurements, replicate samples were taken in every sampling street under each 
combination of conditions. 
A G R I M M Dust Monitor was used to measure the airborne suspended 
particulates (Fig 3.5). It is a portable instrument designed for continuous optical 
measurement of particulates. In this study, it was used to measure particulates 
concentration and particulates size distribution of the ambient particulates in 
Causeway Bay. 
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Figure 3.5 G R I M M Dust Monitor 
Measurements were taken in six streets with different characteristics 
covering a wide array of different street environments in Causeway Bay. They 
included Jardine's Crescent, Yun Ping Road, Russell Street, Foo Ming Street, 
Cleveland Street and Kingston Streets (Figure 3.6). The first four streets are two pairs 
of control and impact sites and the last two streets are in the neighborhood area outside 
the pedestrian zone. Detailed information about the six sampling streets is shown in 
Table 3.4. 
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Figure 3.7 Jardine's Crescent 
Figure 3.8 Yun Ping Road 
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Figure 3.9 Russell Street in vehicular streetscape 
Figure 3.10 Russell Street in pedestrian streetscape 
Figure 3.11 Foo Ming Street 
54 
Figure 3.12 Cleveland Street 
B K 1 
H H 
Figure 3.13 Kingston Street 
55 
In summary, a total of 331 measurements were undertaken in six different 
streets. The data was then used for further statistical analysis using SPSS for 
descriptive statistic, cross tabulation, independent t-test and one-way analysis of 
variance (ANOVA). 
In Chapter Five, the particulates concentration and size distribution before 
and after pedestrianization will be compared. Independent t-test was used to 
determine if there was significant difference in TSP, PMIO and P M 2 before and after 
pedestrianization, under different weather and traffic conditions. A N O V A was also 
used to examine the differences between particulates pollution in various streets and 
seasons. 
3.4 Subjective Assessment: Human Perception of Roadside Air Pollution 
The subjective assessment component in this study aims at examining how 
pedestrianization can affect human perception of roadside air quality and enhance 
pedestrian's satisfaction. Pedestrians were asked to assess roadside air quality both 
before and after implementation of the pedestrianization scheme. Moreover, this study 
analyzes the relationship between measured actual air quality (i.e. measured 
particulates level) and perceived air quality and explains how pedestrianization can 
help improve the degree of satisfaction with the perceived air quality. 
In the following sections, the general guidelines for the technique and 
sampling methods used in the subjective assessment will be described. It will then be 
followed by a description of the questionnaire and the statistical test undertaken. 
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3.4.1 Guidelines Used for Subjective Assessment 
The study of human perception has developed for several decades. 
Researchers have introduced many methods for gathering perception data, including 
interviews and questionnaire, response to photograph and conducting experiment 
(Coughlin, 1976; Weiten, 1995). For this study, interviews were conducted with the 
assistance of a questionnaire. It is because questionnaire survey is less time-
consuming and easier to administer. Moreover, questionnaires are suitable for 
obtaining information on underlying attitudes, and for investigation of the relationship 
between the perceived and actual air quality. 
As aforementioned, subjective responses were collected before and after 
pedestrianization in both control sites and imp^ fct sites. To facilitate the assessment of 
the relationship perceived air quality and actual measured air pollution level, the 
questionnaire survey was done at the same time as on site physical measurement. 
Same as for the field measurement of particulates, interviews were done under various 
seasons, days of the weeks, weather conditions and traffic conditions in every 
sampling street. 
In this study, respondents were identified in different sampling streets 
instead of tagging the same group of respondents visiting different streets. Although 
the latter can reduce bias, it is nonetheless difficult to have enough voluntary 
respondents for the assessment under different sampling periods and conditions. 
Therefore, respondents were selected on the sampling streets as they came along. 
As for the sampling technique on choosing respondents, several criteria 
were followed. Firstly, the targets for this study are pedestrians passing by the streets. 
57 
People who always wander around the streets, such as shopkeepers and guards, were 
not selected. Interviewers were also asked to carry out interviews in various locations 
on the streets during each sampling period. It aims at preventing bias due to the undue 
influence of particular locations on the streets. Interviewers also needed to avoid 
obvious air pollution hotspots, such as chimney of restaurants and small construction 
site. Moreover, only those pedestrians who were aged above fifteen were selected. It 
is because children might not be able to give reliable information due to their limited 
knowledge. 
A total of 1490 questionnaire was obtained and subsequently used for the 
analysis. Questionnaire survey was done in six different seasons in six sampling 
streets. The distribution of questionnaire done in different seasons and streets is shown 
in Table 3.5. 
Table 3.5 Distribution of Questionnaires 
99，Spring 99, & 00， 99” & 00，99，Winter 
Summer Autumn  
Impact Jardine's Crescent 47 ^ ^ 37 
site Russell Street 41 209 104 29 
ControlYun Ping Road 46 — 54 44 — 27 
site Foo Ming Street — 36 196 92 27 
Peripheral Cleveland Street 40 106 42 21 — 
area iKingston Street 37 128 | 37 | 20 
3.4.2 Development of the Questionnaire 
To enhance raise the response rate, the questionnaire was designed to be 
short for completion in ten minutes. The questions were set and conducted in Chinese 
and are grouped into four categories as follow: 
(1) The pedestrians' cognitive aspect of perception of roadside air pollution and 
pedestrianization ( knowledge of roadside air pollution and general dirtiness and 
awareness of government's pedestrianization plan) 
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(2) The pedestrian's affective aspect of perception of roadside air pollution 
(subjective assessment of air quality and the effectiveness of pedestrianization) 
(3) The pedestrians' behavioral aspect resulted from the perception of roadsides air 
pollution (behavior dealing with the roadsides air pollution) 
(4) The respondents' socio-economic characteristics (such as age, gender, education 
level, living area and working area etc) 
Regarding format of the questionnaire, it is known that there are many ways 
to measure verbal responses, such as scaled questions, opened-end questions and 
multiple choice questions. 
In this study, three types of questions'are used. For the cognitive aspect (e.g. 
knowledge of roadside air pollution) and behavioral aspect (e.g. reaction towards poor 
air quality), open-ended questions were used. Therefore, respondents can feel free to 
express their opinions. A 7-pomt scale was used in measuring the respondents' 
attitude and assessment (i.e. affective aspect). People are asked to give a score for the 
air quality and other environmental quality (such as noise and aesthetic quality) from 
1-7. Multiple choice questions are used mainly for collecting the socio-economic data. 
3�4�3 Statistical Analysis 
To investigate the human perception and response of roadside air quality and 
pedestrianization, data obtained from questionnaire survey were processed using 
SPSS for descriptive statistic, cross tabulation, regression, correlation, test of 
covariant, independent t-test and Chi square test. 
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In Chapter Six, the data of human perception on roadside air quality and 
pedestrianization will be examined, analyzed and interpreted. Regression analysis 
was done to investigate the relationship between perceived air quality (PAQ) and 
measured air quality in field (AQ) before and after pedestrianization. Under two 
situations (before and after pedestrianization), regression was done for different kinds 
of PAQ with TSP, PMIO and P M 2 respectively. It aims to examine if pedestrianization 
can result in different satisfaction score of perceived air quality even under the same 
level of actual air quality. An analysis of covariance was used to examine any 
significant difference in relationship before and after pedestrianization. Moreover, the 
Chi square test and independent t-test were used to ascertain if there is any difference 
in the satisfaction score of perceived air quality and other parameters before and after 
pedestrianization. Correlation analysis was dofie to determine if factors other than the 
reduction of actual air quality could also affect PAQ. 
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CHAPTER FOUR 
MODEL SIMULATION OF THE EFFECT OF PEDESTRIANIZATION ON 
AIR Q U A L I T Y 
This chapter models the possible changes in the air quality of the Causeway 
Bay district due to the pedestrianization scheme. The CALINE 4 air quality model was 
used to model the impacts. All air pollution levels simulated in this study were based 
on the worst-case scenario, both in term of meteorological and traffic conditions. This 
chapter comprises five parts。 The first introduces the basic information about the 
model area. The second describes the simulated air quality status of Causeway Bay 
before pedestrianization. The third models the changes in air pollution levels in 
Causeway Bay following the implementation of the proposed pedestrianization 
schemes. As mentioned in previous chapters, most of the streets in the proposed 
pedestrianization scheme will be changed into traffic calming streets which traffic 
flow will be reduced. The fourth part describes the changes in RSP concentration in 
Russell Street and the surrounding area resulted from the total prohibition of vehicle 
by pedestrianization. A summary of the findings is presented in the concluding 
section. 
4.1 Introduction 
This section describes the basic information about the modeling area in 
Causeway Bay (Figure 4.1) in terms of road classification and landuse. The area 
modeled included the central area and peripheral area. First, the core of Causeway 
Bay is located near Sogo and Time Square where are the most popular shopping 
centers are located. The central area is always crowded with pedestrians posing 
significant conflict between vehicle users and pedestrians. As shown in Figure 4.1, the 
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periphery area is dominated by residential landuse mixed vith commercial and 
retailing landuses. The pedestrian flow in the periphery area is lower than that in the 
centre of Causeway Bay. 
Within the modeling area, road network is classified into main road arteries 
and local streets. Main road arteries, marked in red in Figure 4.1, refer to the main 
roads with heavy traffic flows. On the other hand, local streets, marked in yellow in 
Figure 4.1, refer to the roads that only carry local traffic and have relatively low traffic 
flow. 
The proposed pedestrian zone is found in the core of Causeway Bay, which is 
located between the two most famous shopping centres. Therefore, there is high 
pedestrian flow and the air quality within the pedestrian zone will affect many 
pedestrians in Causeway Bay. Moreover, most of the streets included in the 
pedestrianization scheme are local streets, which carry mainly local traffic。Therefore, 
the traffic flow within the pedestrian zone was already lower than in the nearby main 
road arteries before pedestrianization. 
62 
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— M a i n road arteries Local streets ICentral area 
Figure 4.1 Basic information about the land use and road types within the 
modeling area 
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4.2 Air Quality in Causeway Bay Before Pedestrianization 
The CALINE 4 model was used to simulate the air pollution level in 
Causeway Bay in year 2000 before pedestrianization under the worst case scenario. It 
represents the baseline condition in Causeway Bay when most of the streets were still 
vehicular streets with heavy traffic for most of the time, with the exception of one or 
two pedestrian street markets and some private roads already designated for 
pedestrians. Three kinds of pollutants were modeled, namely Respiratory Suspended 
Particulates (RSP)，Nitrogen Dioxide (NO�）and Carbon Monoxide (CO). They are the 
most common vehicular pollutants in the city which can pose significant risks to the 
health of the residents and pedestrians in Causeway Bay. The following presents the 
spatial variation and severity of these pollutants. 
4.2.1 Overall Spatial Variation of Air Quality 
The results of model simulation show that the patterns of the three modeled 
air pollutants are similar. Before pedestrianization, the spatial variation of air 
pollution level within Causeway Bay varies considerably over the modeled area. The 
most polluted areas were found along the main roads with the highest traffic while the 
less polluted areas were mainly found in the peripheral areas carrying only the local 
traffic。Figure 4.2，4.3 and 4.4 show the spatial variation of simulated baseline RSP, 
N O , and C O level within Causeway Bay before pedestrianization. 
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Figure 4.4 The simulated baseline C O level in Causeway Bay before implementation 
of proposed pedestrianization scheme 
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4.2�2 Respiratory Suspended Particulate (RSP) 
RSP refers to airborne suspended particulates with diameter smaller than 10 
j^m. It can be a hazard to human health because RSP can pass through the nasal cavity 
and is hence likely to deposit in the lung. In the urban environment, RSP is mostly 
caused by vehicular traffic because it is mainly produced by incomplete combustion of 
fossil fuel of car engines. It is expected that the hourly RSP level would be high in 
Causeway Bay because of the dense traffic network. 
Table 4.1 shows the air pollution levels before and after the 
pedestrianization scheme. When compared to the estimated Ihour RSP standards (308 
jLig/W)，RSP pollution in Causeway Bay can be considered as average. The data show 
that RSP level in Causeway Bay is within the standard. The average RSP level within 
the modeling area before implementation of the pedestrianization scheme is 81 |ig/m^ 
About 40% of areas have RSP level of 80-120 )ig/ml The minimum RSP 
concentration found is 56 jig/m^  while the maximum one is 266 jig/W, 
Table 4 A The simulated pollution level of RSP, NO2 and C O in Causeway Bay 
RSP (\ig/m') N02(iLig/m3) CO(^g/m') 
Before [After I % of “ Before After % of Before After % of 
change change change 
Average 7 8 - 3 . 7 0 % 149 -11.31%~~1127 1038 -7.89% 
M i l " ~ 5 6 52 -7.14% ^ ^ 0 % 0 % 
Max. ^ ^ - 1 . 1 2 % 0 % 2630 2516 -4.33% 
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As shown in Figure 4.2，the highly polluted areas are found near the main 
road arteries, such as in Yee W o Street, Hennessy Road and Gloucester Road (Figure 
4.2). This can be ascribed to two reasons. Firstly, RSP is mainly caused by traffic 
emission and thus traffic volume is a determining factor of RSP pollution. In other 
words, the higher the traffic flow, the higher will be the RSP pollution. Moreover, the 
composition of the traffic flow also matters. The RSP emission factors of heavy goods 
vehicle are relatively higher than that of other vehicles. Hence, bus and heavy goods 
vehicle are the major emitters on a road. As a result, the main road arteries having a 
high proportion of bus and heavy goods vehicle and with fewer private cars, such as 
Yee W o Street and Hennessy Road, are likely to have high RSP levels. Since these 
main roads also carry a high volume of pedestrian flow, the health risks to pedestrian 
can be significant. 、 
Simulation results show that the area affected by the highest RSP levels do 
not fall within the pedestrian zone (marked in black in Fig. 4.2). The RSP pollution in 
the pedestrian zone is about average before pedestrianization. As aforesaid, the 
pedestrian zone is found in the central area of Causeway Bay where it is mainly for 
local traffic. Therefore, private car is the dominant vehicle type within the pedestrian 
zone. Of all types of vehicles, private car emits the least RSP level. As a result, the 
RSP level in the pedestrian zone is not very high. However, since the pedestrian flow 
in the pedestrian zone is the highest among the whole Causeway Bay, the air quality 
there will affect many pedestrians. 
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4.2.3 Nitrogen Dioxide (NO!) 
Among the different forms of oxides of nitrogen existing in the atmosphere, 
NO2 is the one that has attracted the greatest concern. N〇2 is produced by incomplete 
combustion of fossil fuel in the combustion engine (Haymes and Wells, 1986). 
Therefore, N O : pollution is another air pollution problem found in urban centre with 
heavy traffic flow. 
Figure 4.3 shows the simulated baseline NO2 concentration in Causeway 
Bay before the implementation of the pedestrianization scheme. The simulated NO2 
levels can be considered as average when comparing with the A Q O of NO2 (1-hour— 
-300 fig/m〗).NO2 levels in Causeway Bay are within the A Q O . The average NO2 
concentration within the modeled area is 168 jiig/m^ , with about 40% of areas having 
level between 150 - 230 ixg/m" (Table 4.1). 
Similar to RSP, the highest NO2 concentration is found along the main roads， 
such as Hennessy Road and Leighton Road (Figure 4.3). Moreover, the proposed 
pedestrianization plan, which is in the central area of Causeway Bay, has relatively 
high NO2 concentration than the peripheral areas. Since these streets have high 
pedestrian flow, many pedestrians in Causeway Bay are exposed to relatively high 
level of NO2. 
4.2.4 Carbon Monoxide (CO) 
Figure 4.4 shows the simulated baseline C O concentration in Causeway Bay 
before implementation of the pedestrianization scheme. When compared with the 
A Q O of C O (1 hour --- 30,000 jig/W), the C O concentration in Causeway Bay is well 
within the standard. The average C O concentration within the modeled area is 1127 
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jig/m\ The maximum level is 2630 [ig/m^ and it is still well within the AQO standard 
of 1 hour CO (30000 (Table 4.1). 
Relatively high simulated C O concentration is found along the main road 
arteries which have higher traffic flow while the inner areas for local traffic have much 
lower C O levels (Figure 4.4). Simulation results show that the area affected by the 
highest C O levels do not fall within the pedestrian zone (marked black in Figure 4.4). 
However, the southeastern part of the pedestrian zone has relatively higher C O 
concentration than the other areas before the implementation of government's scheme. 
It is because this area is close to one of the polluted road arteries. 
4.3 Air Quality in Causeway Bay After Pedestrianization 
In the following section, the air pollution levels following implementation 
of the proposed pedestrianization scheme are simulated. First, it describes the overall 
pattern of pollution after pedestrianization. It then examines the severity of each 
pollutant and compares the simulated pollution levels after pedestrianization with 
those before. 
4.3.1 Overall Spatial Variation of Air Quality 
The results of model simulation show that after pedestrianization, the 
patterns of the three air pollutants will are similar to each other. Moreover, the spatial 
pattern of air pollution after pedestrianization will also be similar to that before. The 
most polluted areas will be found along the main road arteries where the highest traffic 
while the less polluted areas will be mainly found in the peripheral area and areas 
carrying only the local traffic. After implementation of the pedestrianization scheme, 
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the air pollution level within the pedestrian zone will be lower than in the surrounding 
area outside the pedestrian zone. 
4.3.2 Respiratory Suspended Particulate (RSP) 
Figure 4.5 shows the simulated RSP concentration in Causeway Bay with 
implementation of the proposed pedestrianization scheme. Figure 4.6 shows the 
reduction in RSP levels due to the pedestrianization scheme. It is found that there will 
not be much improvement of RSP pollution in Causeway Bay in term of the whole 
district, with only a drop of the average concentration by 3.70 % (Table 4.1). The 
minimum and maximum predicted RSP concentrations after the pedestrianization 
scheme will remain similar to that before because the scheme does not include the 
most polluted streets in the district. 、 
When compared to the estimated standards of RSP (1 hour-308 jig/m)), the 
simulated RSP levels in Causeway Bay after pedestrianization will be within the 
standard. In the periphery area, the RSP levels will remain the same as before because 
they are far from the pedestrianization scheme. In those areas near the main road 
arteries, the simulated RSP levels do not show much improvement since these streets 
are not included in the proposed pedestrianization scheme. 
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According to Figure 4.6，the main reduction of RSP pollution will be found 
within the pedestrianization zone. The average reduction of RSP concentration within 
the pedestrian zone is 5,9 jug/m^ (6.8%). After implementation of pedestrianization, 
the pedestrian zone will be less polluted by RSP as compared to the surrounding areas 
because the traffic flow within the pedestrian zone will decrease. 
4.3.3 Nitrogen Dioxide (NO )^ 
Figure 4.7 shows the simulated NO2 concentration in Causeway Bay 
following implementation of the pedestrianization scheme. The average predicted 
NO2 concentration in Causeway Bay is 149 iig/m\ representing a reduction of 11.31 % 
(Table 4.1). When compared with the A Q O for NO2 (1-hour NO〗—SOOjLLg/m'), the 
predicted NO2 concentration in Causeway Bay after pedestrianization will remain 
within the A Q O . Same as before, the most polluted area will be found near Hennessy 
Road, Leighton Street (Figure 4.7). 
Figure 4.8 shows the reduction of N〇2 concentration following the 
pedestrianization scheme. It is found that the greatest reduction in NO2 will occur in 
the inner pedestrian zone. An average reduction of 20 j^g/m^ (i.e. 12 %) can be 
expected within the pedestrian zone. 
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4.3.4 Carbon Monoxide (CO) 
Figure 4.9 shows the simulated C O concentration in Causeway Bay with 
implementation of the proposed pedestrianization scheme. Comparing with the 1-
hour A Q O of C O , C O pollution in Causeway Bay after pedestrianization can be 
considered as low. Since the C O concentration before pedestrianization is already well 
within the A Q O , the concentration after will also be better. The average simulated C O 
concentration in Causeway Bay will be reduced from 1127 jag/m^  to 1038 jLig/m〜 
equivalent to an average reduction of 7.89 % (i.e. 88 pig/m^) over the whole area 
modeled (Table 4.1). 
Figure 4.10 shows the reduction of C O concentration as a result of 
pedestrianization. The major improvement is expected within the pedestrian zone and 
surrounding areas. With implementation of the pedestrianization scheme, it is 
predicted that the central area of the pedestrian zone will be relatively less polluted by 
C O than the area outsides the pedestrian zone. 
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4.3.5 Effect of Government's Pedestrianization Scheme in Improving Air Quality 
In previous sections, the air pollution levels before and after 
pedestrianization were simulated. Based on these findings, this section evaluates the 
impact of the proposed pedestrianization scheme in improving the air quality. 
Firstly, improvement in air quality can be expected in the proposed 
pedestrian zone. According to Fig 4.6, Fig 4.8 and Fig 4.10, the air pollution level will 
be reduced with implementation of the pedestrianization scheme. This improvement 
is mainly due to the reduction of traffic flow and thus the vehicle emission. Since the 
pedestrian zone will include the streets where the heaviest pedestrian flows in 
Causeway Bay are found, many pedestrians in Causeway Bay can enjoy the improved 
air quality within the pedestrian zone. Because of this observation, it can be said that 
the pedestrianization scheme can benefit many pedestrians who concentrate in the 
proposed pedestrian zones. 
However, it is found that the air quality in most polluted parts of Causeway 
Bay will not be alleviated by the proposed scheme. It is mainly because the proposed 
pedestrianization scheme will not include the main road arteries that are most polluted. 
As predicted, the air pollution level of the area outside the pedestrian zone with 
implementation of the scheme will remain the same as before. It shows that the 
proposed pedestrianization scheme will not alleviate the most polluted areas in 
Causeway Bay. 
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4.4 Air Quality Impact of Pedestrianization in Single Street 
In the previous section, the impacts on air quality resulting from the 
proposed pedestrianization scheme is discussed. However, as aforesaid, streets 
included in the proposed pedestrian scheme will only be changed into traffic calming 
streets where vehicle flow is reduced but not totally removed. Therefore, the impacts 
on the air quality resulting from a total ban of vehicles on the streets still have to be 
explored. This section simulates the hourly RSP level in Russell Street to investigate 
the air quality resulting from pedestrianization of the type of total vehicle ban. In the 
study, physical measurement of the particulate level was also carried out in Russell 
Street before and after implementation of the pedestrianization and the result will be 
discussed in Chapter Five. 
In this section, hourly RSP level was also simulated under worst-case 
scenario. Except for the traffic flow data, other data input in the model, including the 
road links and meteorology, was the same as the previous model run. 
4AA RSP Concentration in Russell Street Section Before Pedestrianization 
As aforementioned in Chapter Three, the modeling area covers a section of 
Russell Street between Lee Garden Street and Percival Street, and its nearby areas. 
Russell Street section is rather short and only about 50 meters long. It is located in the 
central area in Causeway Bay and thus has high pedestrian flow. However, this street 
is mainly for local traffic and hence the traffic flow is not very high compared with 
other nearby streets. 
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Figure 4.11 shows the hourly RSP concentration in Russell Street section 
before pedestrianization under the worst case situation. General speaking, the RSP 
concentration in Russell Street section and nearby areas is not as high as that in the 
main road arteries. The average predicted RSP concentration in the modeling area is 
103.2 jug/ml In comparison with the estimated 1-hour standard of RSP (308 |Lig/m^ ), 
the RSP level in the modeling area can be considered as average. 
When compared with nearby streets, the simulated RSP concentration in 
Russell Street section is lower than that in the nearby streets such as Kai Chiu Road 
and Percival Street (Figure 4，11 )。The average simulated RSP concentration in Russell 
Street section is 95 [ig/m^  while that of other streets is 109 jLig/m\ The reason is that 
Russell Street has less busy traffic flow than the others do, thus particulates emitted by 
vehicle are also lower. 
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10 0 10 Meters 
Figure 4。11 The simulated RSP level in Russell Street and the surrounding area 
before pedestrianization 
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4.4.2 RSP Concentration in Russell Street Section After Pedestrianization 
Following implementation of pedestrianization in Russell Street, there will 
be no traffic. Figure 4.12 shows the simulated RSP concentration with 
pedestrianization in Russell Street section. The average simulated RSP concentration 
in Russell Street is 91 and that of nearby streets is 108 The reduction of 
average RSP level in Russell Street is about 4.2 % . 
Although there will be no any traffic flow on Russell Street with 
implementation of pedestrianization, the reduction of RSP level in Russell Street 
section is not very significant. This is because Russell Street is only a short street 
section which is surrounded by and connected to many busier streets. Suspended 
particulate from the nearby streets can, therefore, disperse into Russell Street. Hence, 
the benefit of improving air quality due to the prohibition of vehicle by 
pedestrianization is not significant. 
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10 0 10 Meters 
Figure 4。12 The simulated RSP level in Russell Street and the surrounding area 
with implementation of pedestrianization 
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4.5 Summary and Conclusion 
Of the three air pollutants simulated in the study, RSP pollution and NO2 
pollution are comparably higher than C O in Causeway Bay when compared with the 
A Q O . 
According to the model runs on the impacts the proposed pedestrianization 
scheme on air quality, the spatial variation patterns of the three pollutants in Causeway 
Bay are broadly similar. The results show that pedestrianization schemes will improve 
air pollution in those streets where having the highest pedestrian flow. Therefore, 
many pedestrians in Causeway Bay will benefit from the improved air quality. 
However, since the most polluted roads or streets are not covered by the scheme, the 
most polluted areas in Causeway Bay will not be benefited. 
As regards the environmental consequence of banning of vehicle entry to 
pedestrianized zones such as the Russell Street, it is found that the RSP levels are 
slightly lower than before. However, due to the small scale of this pedestrianization 




MEASUREMENT OF PARTICULATE POLLUTION IN CAUSEWAY BAY 
To investigate the effectiveness of pedestrianization in greater detail, 
suspended particulate levels were measured at six representative streets under 
different weather conditions. The size of the air particulates was also determined at 
the same time. Five indices were used for the statistical analysis, namely TSP 
concentration, PMIO concentration, P M 2 concentration, P M 2 percentage and coarse 
particulate (〉2jjm) percentage. 
It is hypothesized that the physical design of pedestrianization will affect 
the particulate pollution on the streets. Therefore, in this chapter, two types of 
pedestrianization streets were studied, namely open pedestrian streets and semi-
enclosed pedestrian streets. Open pedestrian streets refer to those streets without 
cover and are open to the external environment (Figure 5.1). The air quality there is 
therefore under a greater external influence. On the contrary, semi-enclosed 
pedestrian streets refer to those streets that are nearly enclosed by the eaves hanging 
from shops flanking the street and thus have little contact with the exterior 
environment (Figure 5.2). In this study, Russell Street, which was changed into an 
open pedestrian street during the study period, and Jardine's Crescent, which was a 
semi-enclosed pedestrian bazaar, are the study sites. The influence of the degree of 
openness on particulate pollution levels and size attributes will be examined。 
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Figure 5.1 Open pedestrian street (e.g. Russell Street) 
Figure 5。2 Semi-enclosed pedestrian street (e.g. Jardine's Crescent) 
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This chapter consists of four parts. First, the change in particulate 
pollution level after pedestrianization in Russell Street is discussed. This will be 
followed by a comparison of the particulate pollution in Jardine's Crescent and its 
nearby control street under different climatic conditions. The variation of 
particulate pollution in Causeway Bay will also be further examined. Finally, a 
summary of the findings and discussion is presented. 
5.1 Change in Particulate Pollution After Pedestrianization in Russell Street 
Russell Street is pedestrianized into an open pedestrian street during the 
study period. Three aspects will be discussed; 1. general performance of 
pedestrianization in Russell Street in reducing particulate level; 2. change in 
suspended particulate due to pedestrianization under different climatic situations; and 
3. change in PMIO I/C ratio. The I/C ratio is used because air particulate levels are 
known to vary very significantly over time as influenced by climatic conditions and 
it is not feasible to take sufficient measurements before and after pedestrianization to 
ascertain any significant before-after difference. To get around this problem，if both 
the “before” and “after，，measurements are referenced to the measurements made at a 
common control site, the influence of climatic conditions may be masked making it 
easier to elucidate possible different before and after pedestrianization. 
5.1.1 Overall Changes in Particulate Pollution After Pedestrianization 
Table 5.1 shows the result of the independent t-test of particulate levels 
before and after pedestrianization in Russell Street where vehicles were prohibited 
from entering. Generally speaking, pedestrianization can reduce the particulate 
concentration and fine particulate percentage in Russell Street. The concentration 
of TSP, PMIO, P M 2 and percentage of P M 2 after pedestrianization are significantly 
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lower than those before. The results indicate that particulate pollution level is 
generally alleviated after pedestrianization. Moreover, fine particulates are reduced 
by a greater magnitude than that of the coarser particulates. Since finer particulates 
cause greater damage to human health, it can be concluded that pedestrianization can 
provide a better atmospheric environment 
Table 5.1: Independent t- test of particulate concentration before and after 
pedestrianization in Russell Street 
Before After t value 2- tail Sig. 
(mean) (mean)  
TSP (|Lig/m^ ) 67.2厂 51.52 2.157 ~ 0.036(*) 
PMIO (ng/m') 27.35 ~~ 20.60 ~T235 0。030(*) 
P M 2 (}ig/m^ ) ~~4.81 2 . 1 3 3 . 3 8 1 “ 0.013(*) 
% of P M 2 —16.97 "~TQ.72 3.565~ 0.001(**) 
o/o of coarser particulate (2um-10um) I 83.03 < 89.27 -3.505 0.001(*— 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
5.1.2 Changes in Particulate Pollution after Pedestrianization under Different 
Weather Conditions 
As suggested by many researchers, weather is an important factor affecting 
particulate pollution (e.g. Ziomas et al., 1995; Utsunomiya & Wakamatsu，1996). 
The effectiveness of Pedestrianization in reducing particulate pollution varies with 
the weather conditions. The data show that in Russell Street, TSP and PMIO levels 
before pedestrianization are significantly higher on fine days than on rainy days 
(Table 5.2). It is also found that, after pedestrianization, the particulate pollution 
levels on fine days almost same as those on rainy days. These seem to suggest that 
pedestrianization can alleviate particulate pollution to such an extent that particulate 
levels on fine days are almost as clean as those on rainy days. 
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Table 5.2 Independent t-test of different particulate concentration between fine day 
and rainy day before and after pedestrianization. 
Fine day Rainy day t value 2- Tail Sig. 
(mean) (mean)  
Before TSP ({ig/m” 85.69 ~T8.06 3.562~" 0.003(**) 
PMIO (|ig/m^ ) —33.35 20.5^~ 2.115 0.023(*) 
P M 2 (jig/m^ ) 4.05 _ 0.982 0.343(NS) 
% of P M 2 "‘ 18.63 ~T6.61 0 . 5 — Q.625(NS) 
% of coarser particulate (>2um) "~81.37 83.39 -0.5 0.625(NS) 
After TSP ([ig/m') 43.26 ~~4236 0.092— 0.928(NS)~" 
PMIO (jig/m^ ) —17.41 19.6厂-0.548 Q.593(NS) 
P M 2 ([Lg/m') —1.86 1 . 9 7 - 0 . 2 8 4 0.780(NS) 
% of P M 2 一 11.84 一 9.94 1.354 0.197(NS) 
1% of coarser particulate (>2um) 88.16 90.06 -1.354 0.197(NS) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
• < 
5.1.2.1 Effects of Pedestrianization on Fine Days 
On fine days, TSP, PMIO and P M 2 levels are significantly reduced after 
implementation of pedestrianization (Table 5.3). However, the size attributes 
remains about the same after pedestrianization. The t-test results show that there is 
no significant difference in the percentage of fine particulate before and after 
pedestrianization (Table 5.3). 
The reduction in particulate concentration is the result of the ban on 
vehicle entry as part of the pedestrianization scheme. Therefore, pedestrianization 
is an effective means in alleviating particulate pollution on fine days. As 
aforementioned, air pollution on fine days is generally poorer than that on rainy days 
because of the absence of wash-out effect by rain. 
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Table 5.3: Independent t- test of particulate concentration before and after 
pedestrianization in Russell Street in fine day situation 
Before A f t e r t value 2-Tail Sig. 
(mean) (mean)  
TSP (lig/m^ ) 85.6^~ 43.25 3.434 Q.Q04(**) 
PMIO iiig/m') 33.34 —17.41 Q.Q11(*) 
P M 2 (|ig/m') ~~6.01 1.86 2.484 ~ 0.026(*) 
"% of P M 2 —16.61 11.84 1.415 0.179(1^^ 
% of coarser particulate (>2um) 83.39 88.16 -1.415 0.179(N^ 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
5.1.2.2 Effects of Pedestrianization on Rainy Days 
On rainy days, neither the particulate concentration nor the percentage of 
fine particulate changes after pedestrianization (Table 5.4). This result shows that 
pedestrianization can do little for the improvement of air quality on rainy days. The 
main reason for the lack of improvement is that raining is a cleaning process which 
most suspended particulate is washed away from the air. After raining, therefore, 
particulate concentration stays at the same low level before or after pedestrianization. 
Table 54 Independent t-test of particulate concentration before and after 
pedestrianization in Russell Street in rainy day situation 
Before After t value 2- tail Sig. 
(mean) (mean)  
TSP (\xg/m') —48.06 42.3^ 0.772 0.453 (NS")~ 
PMIO (|ag/m^ ) 20.53 —19.63 O.IST" 0.858 (NS) 
P M 2 (lag/m^ ) ~~4.05 1.98 1.774 0.114 (NS) 
% ofPM2 18.63 —9.94 2.276" 0.066 (NS) 
% of coarser particulate (>2um) 81.37 90.06 -2.276 0.066 (NS^ 
N S : Not Significant 
* : Significant at 0。05 level 
** : Significant at 0.01 level 
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5.1.3 Changes of Particulate Pollution After Pedestrianization under Different 
Traffic Flow Conditions 
As afore-mentioned, particulate levels under different traffic flow 
conditions were measured both during peak-hours and non-peak hours. The main 
findings are given in Table 5.5 about which some point merit mentioning. First, 
before pedestrianization in Russell Street, the TSP and PMIO concentrations during 
peak hours are significantly higher than that in non-peak hours (Table 5.5). After 
pedestrianization, however, all parameters show no significant difference between 
the peak and non-peak hours. The above results indicate that particulate pollution is 
more serious in peak hours before pedestrianization; but after pedestrianization, it 
may become as good as during non-peak hours after pedestrianization. 
Table 5.5 Independent t-test of particulate concentration and percentage in peak 
hours condition and non-peak hours condition before and after pedestrianization 
Peak Non-peak t value 2- tail Sig. 
hours hours 
(mean) (mean)  
Before TSP (iig/m^ ) ‘ 78.11 —56.35 ~ 2 m 2 ~ 0.037(*) 
PMIO (lag/m^ ) 29.13 ~~25.57 1.69厂 0.047(*)“ 
P M 2 (|ig/m^ ) 4.81 ""“4.72 0.00厂 0.996(NS) 
% of P M 2 “ 16.86 —17.07 -0.068 0.945(NS7" 
% of coarser particulate (>2^m) T3.14 82.93 0.068 0.946(NS) 
After TSP (|ig/m') “ 55.23 —47.81 " T s ^ 0.418(1^^ 
PMIO (tag/m^ ) ~ 21.99 19.22 1.853 0。403(NS)_ 
P M 2 ([xg/m') 1.99 2.27 -Q.54Q~ 0.595(NS) 
% of P M 2 9.95 11.49 -0.881~ 0.389(NS) 
i^fcoarser particulate (〉2|Lim) I 90.05 88.51 0.881 | 0。389(Nsi 
NS : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
90 
5.1.3.1 Effects of Pedestrianization during Peak Hours 
It can be seen from Table 5.6 that TSP and P M 2 levels during peak hours 
are significantly lower after pedestrianization. However, PMIO does not exhibit 
any significant improvement after pedestrianization. Moreover, the percentage of 
fine particulates is significantly lower after pedestrianization. The data show that 
during peak hours after pedestrianization, there is a decrease in P M 2 percentage. 
The above results show that particulate pollution, especially the finer 
fraction, is significantly reduced during peak hours after pedestrianization. As 
aforementioned, the reason for the reduction in particulate pollution is the prohibition 
of vehicles in the pedestrianized streets. This can also be explained by the fact that 
fine particulates are mainly emitted by vehicles while the coarser particulates by 
other sources e.g. construction work etc (USEPA, 1997). Therefore, the reduction of 
fine particulate is more noticeable than other particulate size after pedestrianization. 
Table 5.6 Independent t-test of difference between particulate concentration before 
and after pedestrianization in peak hours condition 
Before After t value 2- tail Sig. 
(mean) (mean)  
TSP (fxg/m') ~~78.11 5 5 . ^ 2.209 0.038(*)一 
PMIO (iig/W) 29.13 —21.99 1.841~ 0。080(NS) 
P M 2 {[ig/m') 4.81 —1.99 2.841~ 0。010(**) 
% of P M 2 16.8厂 9.95 2.575 Q.017(*) 
% of coarser particulate (>2{im) 83.14 90.05 -2.575 0.017卜 ^ 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
91 
5.1.3.2 Effects of Pedestrianization during Non-Peak Hours 
Unlike the peak hours, particulate concentration during non-peak hours 
remains relatively the same after pedestrianization. The data show that TSP, PMIO 
and P M 2 levels during non-peak hours exhibited no significant difference before and 
after pedestrianization (Table 5.7). However, there are significant differences in 
particulate size before and after pedestrianization. Same as the situation during 
peak hours, P M 2 percentage decreases significantly after pedestrianization (Table 
5.7). 
The above results show that pedestrianization is relatively less effective in 
reducing particulate concentration during non-peak hours. This is because the 
particulate levels before pedestrianization were already on the low side during non-
peak hours because of the small traffic flow, and the banning of vehicle entry has not 
been able to further reduce the particulate levels. 
Table 5.7 Independent t-test of difference between particulate concentration before 
and after pedestrianization during non-peak hours condition 
Before After t value 2- tail Sig. 
(mean) (mean)  
TSP (\xg/m') ~56.35 47.81 0.898 ~ 0.379(NS) 
PMIO (|ag/m') —25.57 1 9 . ^ 1.351 “ 0。194(NS) 
P M 2 ([ig/m') —~472 2.27 ~ 1.987 ~ O.Q59(NS) 
% of P M 2 ~~17.07 11.4^ 2.286 0,034(*)~~ 
% of coarser particulate (>2um) 82.93 88.51 -2。286 (X034(*) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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5.1.4 Changes in Particulate Pollution As a result of Pedestrianization on 
Different Days of the Week 
Particulate pollution levels are known to be different on different days of 
the week because of the variations in human activities. However, the results show 
no significant difference between particulate levels and size attributes on weekdays 
and non-weekdays (Table 5.8). 
The main reason for the lack of difference is that Causeway Bay is a very 
busy city centre and thus it is always crowded with people during the whole week. 
During weekdays, many people go to Causeway Bay to work and thus result in heavy 
traffic flow and high particulate level there. On the other hand, Causeway Bay is 
still full of people and vehicles on the weekend since many people go there for 
shopping and leisure activities. Moreover, after pedestrianization, there is no traffic 
flow on both weekday and non-weekdays, thus the particulate emission levels are 
about the same. 
Table 5.8 Independent t-test of particulate concentration and percentage on weekdays 
and non-weekdays before and after pedestrianization 
Weekdays Non- weekdays t value 2- tail Sig. 
(mean) ( mean)  
Before TSP ([ig/m') 85.69— 67.93 1.306 Q.213(NS) 
PMIO (|Lig/m^) —33.34 28.17 0.915 Q.376(NS) 
P M 2 (}ag/m') — 6.00 “ 4.39 — 0.804 Q.436(NS) 
% of P M 2 16.61 一 15.66 — 0.229 0.822(NS) 
% of coarser particulate(>2|Lim) 83.39 84.34 -0.229 0.822(1^ 
After TSP (]ig/m^ ) 43.25— 58.94 2.073 O.Q85(NS) 
PMIO pLigyW) 17.42 — 24.75 1.728 0.110(NS) 
P M 2 (|Lig/m^) — 1.86 2.55 0.944 0.345(NS) 
% of P M 2 “ 11.84 — 10.38 -0.582 " 0 5 7 4 ( ^ 
1% of coarser particulate(>2|im) 88.16 89.62 0.582 0.574(NS) 
N S : Not Significant 
* ： Significant at 0.05 level 
** ： Significant at 0.01 level 
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5.1.4.1 Effects of Pedestrianization on Weekdays 
From Table 5.9, it can be seen that TSP, PMIO and P M 2 levels on 
weekdays are significantly lower after pedestrianization (Table 5.9). The reduction 
in particulate concentration is largely the consequence of the ban on vehicle access 
by pedestrianization. Since vehicle entry is restricted, particulate emission is 
eliminated and particulate levels on weekdays are accordingly lower after 
pedestrianization. 
Table 5.9 Independent t-test of difference between particulate concentration before 
and after pedestrianization on weekdays 
Before After t value 2- tail Sig. 
(mean) (mean)  
TSP (lig/m') ~~85.69 ^ 43.25— 3.434 — 0.004(**) 
PMIO iixg/m') ~ 33.34 2.942 ~ O.Qll(*)一 
P M 2 ([ig/m') —6.00 1.86 2.484 — 0.026(*)— 
% of P M 2 16.61 —11.84 1.41 厂 0.179(NS) 
% of coarser particulate (>2^m) 83.39 88.16 -1.415 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
5.1.4.2 Effects of Pedestrianization on Non-Weekdays 
Unlike the weekdays, there is no significant change in particulate levels on 
non-weekdays after pedestrianization. Neither the particulate concentration (i.e. 
TSP, PMIO and PM2) nor the size distribution (i.e. P M 2 percentage and coarse 
particulate (>2^m) percentage) change after pedestrianization (Table 5.10). 
The reason for the lack of change on non-week days after pedestrianization 
is similar to that accounting for the lack of effect during non-peak hours and on rainy 
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days. This is because the particulate levels on non-weekdays before 
pedestrianization were not very high, and any effect arising from the prohibition of 
vehicle access is probably only minimal. 
Table 5.10 Independent t-test of difference between particulate concentration before 
and after pedestrianization on non-weekdays 
Before After t value 2- tail Sig. 
(mean) (mean)  
TSP (i^g/m^) —67.93 ~5S.94 0.182 0.936(NSy~ 
P M I O {[ig/m') ~T8.17 24.75— 0.751 0.468(NS)— 
P M 2 (iig/m') 4.39 2.55— 1.405 一 Q.188(NS)— 
% of P M 2 ~T5.66 10.38 1.526 _ Q.15Q(NS) 
% of coarser particulate (>2^m) 84.34 89.62 -1.526 0.150(NS) 
N S : Not Significant 
* : Significant at 0.05 level 
、 ** : Significant at 0.01 level 
5.1.5 Change in PM 10 I/C ratio After Pedestrianization 
From the above sections，it is found that pedestrianization can effectively 
reduce particulate levels in Russell Street. To further ascertain the validity of this 
finding, the I/C ratio is used so that the particulate levels at Russell Street are always 
referenced to the control street. Since the impact street and the control street are the 
same except for the treatment effect (i.e. pedestrianization) hence any change in the 
I/C ratio is a reflection of pedestrianization rather than climatic conditions. 
Table 5.11 shows that the I/C ratios were higher before pedestrianization 
than after. Furthermore, the effects were more pronounced at different times of the 
year, depending on the weather conditions, traffic conditions and day of the week。 
Generally speaking, the reduction effects are more conspicuous fine days, peak hours 
and during weekdays. These largely affirm earlier findings and indicate that the 
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beneficial effects of pedestrianization are more noticeable when the pollution levels 
are higher. When the pollution levels are low, the beneficial effects are less 
noticeable. 
Table 5.11 Independent t-test result for the change in I/C ratio of PMIO for Russell 
Street and its control street (Foo Ming Street) in different situation before and after 
pedestrianization 
I/C ratio Before (mean) After (mean) t value 2 Tail Sig. 
Overall — 1.373 “ 1.033 — 2.135 — Q.Q44(*) 
1. fine days 1.226 — 0.924 3.299 Q.005(**) 
2. rainy days 1.088 _ 1.170 -0.379一 O.Q71(NS) 
3. peak hours "“ 1.278 一 1.079 1.986 0.047(*) 
4. non-peak hours 1.047 1.041 — 0.058 0.954(NS厂 
5. weekdays 1.158 — 1.047 1.954 0.048(*) 
6. non-weekdays 1.164 1.095 0.296 0.77icks) 
N S : Not Significant 
、 * : Significant at 0.05 level 
** : Significant at 0.01 level 
5.2 Variations in Particulate Pollution Characteristics Due to Different 
Pedestrianization Street Designs 
In the course of the study, it was known that pedestrianized street are of 
different physical designs. For example, Jardine's Crescent is a pedestrian bazaar 
which is nearly enclosed by the eaves hanging from shops flanking the street. The 
air quality of such a design is probably less influenced by seasonal effects, weather 
conditions, days of the week, traffic flow or nearby streets. On the other, other 
pedestrianized streets are more open to the exterior environment and are hence under 
greater external influence. Therefore, it was hypothesized that that the particulate 
pollution in Jardine's Crescent is less variable with respect to different seasons, 
weather, days of the week or traffic flow conditions. 
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5.2.1 General Contrasts between an Open and Semi-enclosed Street 
Generally speaking, TSP, PMIO and P M 2 levels in Jardine's Crescent are 
significantly lower than that of the control site, Yun Ping Street (Table 5.12). The 
particulate concentration in Jardine's Crescent is significantly lower because it is free 
from the vehicle exhaust fume. Moreover, the sheltered environment prevents the 
particulate in nearby street to disperse into Jardine's Crescent. This finding further 
ascertains that pedestrianization can provide better air quality by reducing the 
particulate pollution. 
Table 5.12 Independent t-test result for particulate pollution in Jardine's Crescent 
(impact street) and Yun Ping Road (control street) 
Jardine's Yun Ping t value 2 Tail Sig. 
Crescent Road 
(mean)、 (mean)  
TSP 53.48 68.86 2.77 0.007(^*7" 
PMIO (j^g/mQ “24.24 29.73 1.95 Q.Q44(*) 
P M 2 0g/m3) 3.38 3.44 0.109 Q.913(j^ 
% of P M 2 13.74 12.21 -1.15 0.253(NSy" 
% of coarser particulate (>2|Lim) 86.27 87.80 1.15 0.253(NS) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
5.2.2 Seasonal Effect on Particulate Pollution in Jardine's Crescent and in Its 
Control Street 
The results of A N O V A show that neither the particulate concentration nor 
the particulate size distribution exhibits significant seasonal differences in Jardine's 
Crescent. However, the seasonal differences in particulate levels are significant in 
the control street (Yun Ping Road). In Jardine's Crescent, none of the parameters 
shows any significant seasonal difference (Table 5.13). On the other hand, A N O V A 
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shows that TSP, PMIO and PM2 levels in Yun Ping Road exhibits significant 
differences in different seasons (Table 5.14). 
Scheffe's Test further shows that seasonal variation can only be seen in the 
control street, Yun Ping Road (Table 5.15). In Yun Ping Road, TSP, PMIO and 
P M 2 levels are at the highest in spring and autumn and belong to groups that are 
different from that of the summer. However, in Jardine's Crescent, none of the 
parameters show any significant seasonal difference. 
Table 5.13 Result of A N O V A of seasonal differences in particulate levels in Jardine's 
Crescent (impact street) 
Sum of Degree of Mean F ratio Sig. 
Squares Freedom Square  
TSP Between Groups 4176 "3 1 3 ^ ^ 0.118 
Within Groups 25421 44 577.7 (NS) 
Total 29597 47 
PMIO Between Groups T 988.5 0.080 
Within Groups 9965 44 226.4 (NS) 
Total 13036 47 
F ^ Between Groups 80.6 3 26.89 ^ 0 . 1 6 0 
Within Groups 446.1 44 10.1 (NS) 
Total 526.8 47 
P M 2 % Between Groups 163.7 3 54.59 0 . 9 0 5 0 . 4 4 7 
Within Groups 2656 44 60.36 (NS) 
Total 2819 47 
Coarse Between Groups ~~163.8 3 54.59 0.905 0.447 
particulate Within Groups 2656 44 60.36 (NS) 
(〉2|im) % [Total 2819 47 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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Table 5.14 Result of ANOVA of seasonal differences in particulate levels in Yun 
Ping Road (control street) 
Sum of Degree of Mean F ratio Sig. 
Squares freedom Square  
T ^ Between Groups6918.4 3 3.055 0.038 
Within Groups 33213 44 754.8 (*) 
Total 40131 47 
PMIO Between Groups 3825.8 3 4.921 0.005 
Within Groups 11402 44 259.1 (**) 
Total 15228 47 
P M 2 Between Groups 71.72 3 ^ 8.7220.001 ~ 
Within Groups 120.6 44 2.74 (**) 
Total 192.32 47 
P M 2 % Between Groups 55.49 3 18.49 0.7430.532 
Within Groups 1096 44 24.91 (NS)  
Total 1151 47 
Coarse Between Groups ~~55.49 3 18.49 0.743 0.532 
particulate Within Groups 1096 44 24.91 (NS) 
(>2^m) % [Total 1151 47 
^ N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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Table 5.15 Scheffe's Test result for (a) TSP, (b) PMIO, (c) PM2, (d) P M 2 % , (e) 
coarse particulate (>2^m) % , the seasonal variation of particulate pollution in 
Jardine's Crescent and in Yun Ping Road 
Jardine's Crescent (mean) Yun Ping Road (mean) 
T S P S p r i n g — 61.75 a — 82.45^ 
Summer 53.00' 51.65' 
Autumn 55.43' 7036* 
Winter 63.74 & 64.00' 
Jardine's Crescent (mean) Yun Ping Road (mean) 
P M 1 0 S p n n g 25.48^ “ 33.02' 
Summer 19.78' 21.83" 
Autumn 30.85' 44.19'' 
Winter — 24.84^ 22.86 珏 一 
Jardine's Crescent (mean) Yun Ping Road (mean) 
P M 2 S p r i n g — 4,19 ^  5.51' 
Summer 1 . 6 3 ' — 2.35' 
Autumn 2.74' “ 2.81' 
Winter 4.39'~~ 3.10' ~ ~ 
Jardine's Crescent (mean) Yun Ping Road (mean) 
P M 2 % Spring — 14.83^ 11.48' — 
Summer 10.57' 10.84' ”"“ 
Autumn 14.38' 13.24' — 
Winter — 15.17^ 13.27'~~ 
Jardine's Crescent (mean) Yun Ping Road (mean) 
Coarse Spring 84.83' 86.76' ~ ~ 
Particulate Summer — 89.43 ^  “ 89.16' — ‘ 
(>2fim) % Autumn 一 85.17^ 8 6 . 5 2 ' — 
I Winter 85.62 a “ 8 6 . 7 3 ' 一 
Note: Those data in the same group indicate that their concentrations have no 
significant difference in statistical meaning. The significance level for the tests is 
0.05. 
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From the above findings, it can be concluded that the seasonal pattern of 
particulate pollution in Jardine's Crescent and its control street are different. 
Seasonal variation in particulate pollution can only be observed in the more open 
control street, but not in the semi-enclosed pedestrian bazaar ( Jardine's Crescent). 
The lack of seasonal variation in Jardine's Crescent is the result of the 
pedestrianized streetscape. Jardine's Crescent is a semi-enclosed street bazaar 
partly sheltered by the eaves from the mobile vendors。 This environment provides a 
sheltering effect shielding the street from the influence of outside environment thus 
keeping the atmospheric environment at a rather stable level. The sheltering effect 
can thus moderate the seasonal influence on the pedestrianized street. 
5.2.3 Climatic Effects on Particulate Pollution 
The results in Table 5.16 show that weather conditions have no significant 
influence on particulate levels in Jardine's Crescent. For example, TSP, PMIO and 
P M 2 levels on fine days are not significant different from those on rainy days (Table 
5.16). On the contrary, TSP and PMIO levels measured in the control street on fine 
days are significantly higher than that on rainy day (Table 5.17). 
The above show that pedestrianization in Jardine's Crescent has moderated 
the effects of weather on particulate pollution. Since Jardine's Crescent is nearly 
covered by the eaves of the shops, neither rain nor sunshine can reach the ground 
level. On the other hand, Yun Ping Road is an open vehicular street and its 
particulate level is more influenced by the weather conditions. Therefore, 
particulate levels in Yun Ping Road are responsive to different weather conditions。 
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Table 5.16 Independent t-test result for Jardine's Crescent under different weather 
conditions 
Fine days Rainy days t value 2 Tail Sig. 
(mean) (mean)  
TSP (j^ g/m^ ) 57.28~~ 45.88 1.503 ‘ Q.140(NS) 
]PMlQ(}ig/mO 26.84 19.04 1.552~ 0.128(NS) 
P M 2 (|ig/m^ ) 3.85 2.45 L798~" Q.079(NSy" 
% ofPM2 14.30 12.60 0.858~~ Q.395(NSy 
% of coarser particulate (>2^m) 85.70 87.40 -0.858 0.395(NS) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
Table 5.17 Independent t-test result for Yun Ping Road under different weather 
conditions 
Fine days Rainy days t value 2 Tail Sig. 
(mean) (mean)  
TSP (]xg/m') ~73.77 “59.06 2.155 Q.Q37(*) 
PMIO ([xg/m') 32.38、24.41 1.963 0.046(*) 
P M 2 (luig/m') “~3.48 3.37 0.175 0.862(NS) 
% of P M 2 I L ^ 14.11 -1.945 0.058(NS)) 
% of coarser particulate (>2|Lim) 88.74 85.88 1.945 Q.058(NS) 
N S : Not significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
5.2.4 Effects of Traffic Conditions on Particulate Pollution Pattern in 
Jardine's Crescent and in Its Control Street 
The measurement results (Table 5.18) show that traffic flow conditions 
have different effects on the particulate levels in Jardine's Crescent and its control. 
In Jardine's Crescent, all parameters are the same during peak and non-peak hours 
(Table 5.18). In other words, particulate pollution in Jardine's Crescent is 
insensitive to traffic conditions. 
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However, in Yun Ping Road (the control street), particulate levels are found 
to vary with traffic conditions with levels (TSP, PMIO and PM2), being significantly 
higher in peak hours than in non-peak hours (Table 5.19). 
Table 5.18 Independent t-test result for Jardine's Crescent under different traffic flow 
condition 
Peak hours Non-peak hours t value 2 Tail Sig. 
(mean) (mean)  
TSP (iig/m') 62.23 一 44.73 2.01— 0。114(NS)— 
PMIO ([ig/m') 24.95 一 23.52 0.294— Q.770(NS) 
P M 2 {[ig/m') 2.98 一 3.78 -0.832 0.411(NS)— 
% of P M 2 12.01 15.46 -1.57 0.128(NS) 
% of coarser particulate (>2|^m)| 87.99 84.54 1.57 0.128(NS) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
Table 5.19 Independent t-test result for Yun Ping under different traffic flow 
condition 
Fine days Rainy days t value 2 Tail Sig. 
(mean) (mean)  
TSPQgg/m” 82.22 55.51 3.533 Q.Q01(**) 
PMIO (|ig/m^ ) 35.45 24.00 2.301 ~ Q.026(*) 
P M 2 (i^ g/m^ ) 一 3.73 — 3.16 0.979 Q.333(NS)~ 
% of P M 2 一 10.86 一 13.56 -1.942 0。059(NS)"" 
% of coarser particulate (>2)am)| 89.14 86.44 1.942 0,059(NS) 
N S : Not Significant 
* : Significant at 0。05 level 
** : Significant at 0,01 level 
These results suggest that particulate levels are more variable at different 
times of the day in the control street than that in the pedestrianized street. This is 
not to say that particulate levels are not dependent on traffic flow conditions because 
in Jardine's Crescent, vehicle are forbidden to enter the pedestrianized street and thus 
the pedestrian street is free from traffic. Hence, the particulate level in Jardine's 
Crescent remains the same regardless of the hour (peak or non-peak hours)。 
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5.2.5 Effects of Day of the Week on Particulate Pollution 
Particulate levels in the Jardine's Crescent and the control street do not 
show any significant difference in particulate level on weekdays and non-weekdays 
(Tables 5.20 and 5.21). In other words, particulate levels at both streets do not vary 
with days of the week. There are two main reasons for this. First, there is no 
vehicle, only pedestrian flow, in Jardine's Crescent no matter it is weekday or non-
weekday. Second, in Yun Ping Road, the traffic flow is always high on both 
weekdays and non-weekdays and so is the particulate level. 
Table 5.20 Independent t-test result for Jardine's Crescent in different days of week 
Weekdays Non-weekdays t value 2 Tail Sig. 
(mean) (mean)  
T S P O g / W ) 61.71 — 52.85 0.901— 0.375(NS)~ 
PMIO (jig/m^ ) 一 27.02 一、 26.65 0.054 0.958(NS)— 
P M 2 (\ig/m') 3,13 一 4.57 -1.047 0.307(NS) 
% of P M 2 11。20 17.41 ~~ -2.088 0.051(NS) 
% of coarser particulate (>2^m)| 88.80 82.59 2.088 0.051(NS) 
N S : Not Significant 
* : Significant at 0。05 level 
** : Significant at 0。01 level 
Table 5.21 Independent t-test result for Yun Ping Road in different days of the week 
Weekdays Non-weekdays t value 2 Tail Sig. 
(mean) (mean)  
TSP (\ig/m') 77.48 69.58 0.645 0.525(]N^ 
PMIO (M-g/m') 32.81 — 31.90 0.119 0。907(NS) 
P M 2 ( j i g / m ” 3.32 3.66 一 -0.429 0.671 (NS) 
% of P M 2 一 10.19 一 12.45 -1.859 0。074(NS) _ 
o/o of coarser particulate (〉2_) I 89.91 87.55 1.859 0„074(NS) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0。01 level 
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5.3 The Variation of Particulate Pollution in Causeway Bay 
As shown in the previous sections, the effect of pedestrianization in 
reduction the particulate is different in various circumstances. In this section, the 
variation of particulate pollution in Causeway Bay is further discussed in terms of 
spatial location, seasonal influence and rainfall amount. 
5.3.1 Spatial Variation 
The data show that there is spatial variation of particulate pollution in 
Causeway Bay. It is found that there are significant variations in particulate 
concentration (except PM2) and size distribution (Table 5.22). 
From the result of Scheffe's Test (Table5.23), higher particulate levels are 
found in the central area of Causeway Bay. For example, TSP, PMIO and P M 2 
concentrations in those streets located in the central area (Russell Street, Foo Ming 
Street, Jardine's Crescent and Yun Ping Road) are all significantly higher than those 
in the periphery area (Table 5.23). Moreover, significantly higher proportion of fine 
particulate are found in samples collected in the streets located in the central area 
(Table 5.23). 
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Table 5.22 ANOVA test for the difference of particulate pollution between sampling 
streets 
Sum of Degree of Mean F ratio Sig. 
Squares freedom Square  
TSP Between Groups9476.42 5 1895.282.7390.022 
Within Groups 96875.40 140 691.97 (*) 
Total 106351.82 145 
P M I O " B e t w e e n Groups3154.77 5 630.95 5.1890.011 
Within Groups 17024.26 140 121.60 (*) 
T ^ 20179.03 145 
P M 2 Between Groups 76.15 5 15.23 2.058 0.074 
Within Groups 1035.80 140 7.40 (NS) 
Total 1111.95 145 
P M 2 % Between Groups1029.04 5 205.81 4.4930.001 
Within Groups 6412.65 140 45.81 (**) 
Total 7441.69 145 
Coarse Between Groups 1029.04 5 205.81 4.493 0.001 
paiticulat Within Groups 6412.65 140 45.81 (**) 
e o/o Total 7441.69 145 
， N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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Table 5.23 Scheffe's Test result for (a) TSP, (b) PMIO, (c) PM2, (d) P M 2 % , (e) 
coarse particulate (>2^m) % , in six sampling streets  
Location Mean (|j.g/m^ )~ 
TSP Cleveland Street Periphery 51.60' 
Kingston Street Periphery 53.37 ‘ 
Russell Street Central 67.23 ‘ 
Foo Ming Street Central 66.68 
Jardine's Crescent Central 73.23 ^  
Yun Ping Street Central 68.94'' 
Location ~ M e a n (p^g/W)“ 
P M 10 Cleveland Street Periphery 22.44 ‘ 
Kingston Street Periphery 20.16 ^  
Russell Street Central 27.35 '' 
Foo Ming Street Central 24.00 
Jardine's Crescent Central 33.46 ^  
Yun Ping Street Central 68.94'' 
Location Mean (jug/m^)” 
“ P M 2 Cleveland Street Periphery 3^07^ 
Kingston Street ~‘ Periphery 2.72 ‘ 
Russell Street Central 4.81 ‘ 
Foo Ming Street Central 3.22 ^  
Jardine's Crescent Central 2.73 ‘ 
Yun Ping Road Central 2.91 ‘ 
Location ~ M e a n (j^g/W) 
P M 2 % Cleveland Street Periphery 9?7P 
Kingston Street Periphery 8.91 厂 
Russell Street Central 16.97' 
Foo Ming Street Central 13.22' 
Jardine's Crescent Central 11.16 
Yun Ping Road Central 12.70'' 
Location Mean (j^ g/m^ ) 
Coarse Cleveland Street Periphery 90.29 匕 
(P芝二at《。Kingston Street Periphery 
“ Russell Street Central 83ToP~ “ 
Foo Ming Street Central 86.78 
Jardine's Crescent Central 88.84 ^  
Yun Ping Road Central 8730'' 
Note: The alphabet shows the ^ ouping of the streets. Those streets have the same 
alphabet indicate that they are in the same group and thus their concentrations have 
no significant difference in statistical meaning. The significant level is 0.05. 
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These results all suggest that the air quality in the central area of Causeway 
Bay is worse than in the periphery areas，a finding that is consistent with the 
conclusion based on modeling in Chapter Four. The main reason accounting for the 
spatial variations in particulate level and size attributes is the differences in traffic 
volume in different parts of Causeway Bay. The data of the traffic survey done in this 
study show that traffic flow in the central area is higher than in the periphery area 
(Table 5.24) 
Table 5.24 Traffic flow and vehicle type percentage in different parts of Causeway 
Bay 
Average traffic Average light Average heavy 




(a)major road arteries 1300 87.0 % 13.0 % 
(b)local streets 470 93.3 % 6.7 % 
Central area 
(a)major road arteries 1997 71.1 % 28.9 % 
(b)local streets 486 95.9 % 4.1 % 
5.3,2 Seasonal Variations 
Previous research has also highlighted that suspended particulate level 
exhibits significant seasonal variations (e.g, Monn et a l , 1995; Lam et al., 1998). 
In this study，the data also show that there is significant seasonal variation in 
particulate level and size attributes in Causeway Bay (Table 5.25). From the results 
of Scheffe's test, it is found that TSP, PMIO and P M 2 levels in winter are higher than 
those in other seasons (Table 5.26) and the levels are in the order of winter〉spring〉 
autumn〉summer. Moreover, there is the proportion of fine particulate is higher in 
winter than in other seasons (Table 5.26). 
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These results are similar to previous research (e.g. Monn et aL, 1995; 
Hindy et al., 1990; Lam et al., 1998). Three major reasons account for the seasonal 
variation in particulate levels. First, the rainfall amount is higher in summer and the 
rain helps wash away the suspended particulate in the air. On the other hand, winter 
is dry and there is less rainfall to wash away the dust in the air. Second, the 
prevalent wind in Hong Kong usually comes from the northeast bringing particulates 
from Mainland China (Gervat, 1995). Third, the work of Lee (1994) and Hindy et 
al (1990) have shown that temperature inversion layers commonly found in winter 
can trap particulate at the ground level resulting in higher particulate concentrations 
in winter. 
Table 5.25 A N O V A test for differences in particulate pollution in different seasons in 
Causeway Bay 
Sum of degree of Mean F ratio Sig. 
Squares freedom Square  
TSP Between Groups 29487 3 9829.3 13.05 0.000 
Within Groups 245641 326 753.5 (**) 
Total 275129 329 
PMIO Between Groups 19048 3 6349.4 2 5 . 6 0 0 . 0 0 0 
Within Groups 80852 326 248.0 鬥 
Total 99901 329 
P M 2 Between Groups 416.89 3 138.9 25.079 0.000 
Within Groups 1806 326 5.541 (**) 
Total 2223 329 
P M 2 % Between Groups 741.2 3 247.1 7.434 0.000 
Within Groups 10835 326 33.24 (**) 
Total 11577 329 
Coarse Between Groups 741.2 3 247.1 7.434 0.000 
particulat Within Groups 10835 326 33.24 (**) 
e % Total ^ 11577 329 
N S : not significantly different 
* ： Significant at 0.05 level 
** : Significant at 0.01 level 
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Table 5.26 Scheffe's Test result for (a) TSP, (b) PMIO, (c) PM2, (d) PM2 %，(e) 
coarse particulate (>2jim) % , in different seasons in Causeway Bay 
Mean 
^ Spring 55.92b 
Summer 42.85a 
Autumn 64.8 Ibc 
Winter 69.91c 
Mean 





“ P I ^ Spring 4.28b 









Coarse particulate Spring 86.14ab 
(〉2)im) % Summer 89.52b 
Autumn 86.99a  
[winter — 85.76a 
Note: The alphabet shows the grouping of the streets. Those streets have the same 
alphabet indicate that they are in the same group and thus their concentrations have 
no significant difference in statistical meaning. The significant level is 0.05. 
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5.3.3 Rain as a Cleaning Agent 
Generally speaking, particulate concentration in rainy days is significantly 
lower than in fine days in Causeway Bay (Table 5.27), indicating the role of rain as a 
scavenging agent. Reduction of particulates by rain has already been well 
documented. It is suggested that rain itself can eliminate suspended particulate by 
condensation process. Moreover, it can wash away the suspended air particulate, 
which is known as the washout effect (Ziomas et oL, 1995; Utsunomiya & 
Wakamatsu, 1996). 
Table 5.27 Independent t-test result for particulate levels under different weather 
conditions 
Fine days Rainy days t value 2 Tail Sig. 
(mean) (mean)  
TSP (jig/m^ ) 68.46 、 47.60 5.737 0.000(**) 
PMIO ({ig/m') 32.74 21.69 1.173 O.OQQ(**) 
P M 2 (ixg/m') 3.69 2.90 2.444 O.Q15(*) 
% of P M 2 1 3 . 2 9 1 1 . 6 9 ~ ~ ~ 2.229 0.027(*) ~ 
% of coarser particulate (>2|j,m) 86.71 88.31 -2.229 0.027—) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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5.4 Summary and Conclusion 
Pedestrianization can reduce air particulate levels and lower the proportion 
of fine particulates under a number of circumstances. Generally speaking, 
particulate levels are lower after the implementation of pedestrianization schemes. 
The reduction is most pronounced on fine days，during peak-hours and on weekdays. 
The reduction of particulates is largely brought about by the reduction or prohibition 
of vehicle flow in the pedestrianized street. 
The design and physical form of the pedestrian environment has a 
significant impact on particulate pollution. Statistics show that the particulate level 
and size attribute in a pedestrianized street exhibit no significant variations in 
different seasons, under different weather and traffic flow conditions, and on 
different days of week. This can be ascribed to the sheltering effect of the enclosed 
environment brought about by pedestrianization. 
Particulates pollution the study area varies over space and time. First， 
there is pronounced seasonal influence on the particulate level. Winter has the 
highest particulate concentration and the percentage of fine particulates while 
summer has the least. Second, there is a significant spatial variation in particulate 
concentration and particle size. Third, rain can wash away particulates in the air 




PEDESTRIANIZATION AND PERCEPTION OF AIR QUALITY 
Having presented the air quality changes based on physical measurement 
as a result of pedestrianization, this chapter focuses on the subjective evaluation of 
the air quality impact of pedestrianization. The purpose is to find out if 
pedestrianization can improve the perceived air quality (PAQ). Questionnaire 
surveys were done before and after pedestrianization in six sampling streets at the 
same time field measurements of particulate levels were taken. 
This chapter consists of four parts. It begins with a brief introduction of 
the subjective assessment of pedestrianization, including definitions and hypotheses. 
The second presents the main findings on the effects of pedestrianization on 
improving the PAQ. The third part discusses these findings in the context of our 
understanding of human perception in the context of current theories in 
environmental psychology. Finally, a summary of the findings and discussion is 
presented 
6.1 Introduction 
Unlike the previous two chapters which are based on objective physical 
modeling and measurements, this chapter explores the subjective assessment of air 
quality by the pedestrians. In order to examine the effects of pedestrianization on 
human perception, the Perceived Air Quality (PAQ) and Actual Air Quality (AQ) are 
compared before and after pedestrianization. 
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Perceived Air Quality (PAQ) is the air quality perceived subjectively by 
human. Respondents were asked to appraise the air quality based on their own 
judgement, and their assessment, PAQ, is a subjective index based on the appraisal. 
This chapter evaluates the change in P A Q as a result of pedestrianization. To 
facilitate analysis and discussion, the P A Q reported in this chapter can be further 
divided into the following three types: 
1. Perceived real time air quality (PAQt): respondents were asked to evaluate the air 
quality of a particular street at the time of interview. This evaluation focuses on a 
small area and a short time span. 
2. Perceived average air quality of certain local streets (PAQs): respondents were 
asked to evaluate the average air quality of a particular street where the interview 
was conducted. Therefore, interviewees had to trace back their past experience 
of the street in question, covering a longer time span. 
3. Perceived average air quality in Causeway Bay (PAQa): respondents were asked to 
evaluate the overall air quality of Causeway Bay district as a whole. This is an 
aggregate index of a large area over a long time period. In other words，it 
represents the pedestrians' general impression of air quality in Causeway Bay 
district as a whole. 
Used for comparison with P A Q is the Actual Air Quality (AQ), which is 
represented by the physically measured particulate level in terms of TSP, PMIO and 
P M 2 concentrations. For both subjective and objective measurements, the lower 
the particulate level, the better is the environment. 
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There are two main hypotheses in this chapter. The first hypothesizes that 
people tend to perceive a much better P A Q after pedestrianization than that could 
have been anticipated from previous dose-response relationships. The second 
hypothesis is that the improved P A Q is the result not only of environmental 
improvement following pedestrianization, but also of other effects induced by 
implementation of the pedestrianization scheme. The scheme can affect human 
perception by way of making people believing that pedestrianization has actually 
improved the air quality. Thus, the perceived air quality following pedestrianization 
is greater than what could be expected from the actual improvement in the air quality 
alone. 
The first hypothesis will be examined in section 6.2. In that part of 
investigation, an analysis of covariance, A N C O V A , was undertaken to test the 
hypothesis. The second hypothesis will be examined in section 6.3 which will 
identify which aspects of pedestrianization will foster improvement in the PAQ 
following pedestrianization by applying the theories of environmental psychology. 
6.2 Effect of Pedestrianization in Improving the Perceived Air Quality 
This section has two main emphases. It firstly investigates if people will 
perceive a better air quality after pedestrianization by describing the PAQ of a 
number of streets and examines whether the PAQ may change after pedestrianization. 
It will also examine if the improvement of PAQ after pedestrianization is greater than 
what could have been anticipated from the actual improvement of air quality. 
6.2.1 Overall changes of PAQ after pedestrianization 
Table 6.1 shows that PAQ varies considerably at different sampling 
locations. The A N O V A also shows that these differences among sites are 
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significant for PAQt, PAQs and PAQa (Table 6.1). Such differences are expected 
because both the actual A Q and the local environment are different at different 
streets. The Scheffe's Test shows that Russell Streets and Jardine's Crescent have 
significantly higher PAQt, PAQs and PAQa than the other four streets (Table 6.2). 
This is probably a reflection that most people perceived better air quality in the 
pedestrianized streets than in the vehicular streets. 
Table 6.1 A N O V A test of the differences in P A Q between different streets 
Sum of Degree of Mean F ratio Sig. 
Squares freedom Square  
PAQt Between Groups 137.5 5 27.50 3.587 0.003 
Within Groups 11368 1483 7.666 (**) 
Total 11505 1488 
PAQs Between Groups 71.89 8 14.38 9.752 0.000 
Within Groups 2159.8 1465 1.474 (**) 
T ^ 2231.8 1470 
P A Q a B e t w e e n Groups 15.775 5 3.155 2.619 0.023 
Within Groups 1780.6 1478 1.205 (*) 
[Total 1796.3 1483 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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Table 6.2 Scheffe's Test result for (a) PAQt, (b) PAQs (c) PAQa, in different streets 
Mean 
PAQt Cleveland Streets 3.62^ '' 
Foo Ming Streets 3.4” 
Jardine's Crescent 3.95" 
Kingston Streets 3.58^ 
Russell Streets 4.15'' 
Yun Ping Streets 3.42^ 
Mean 
PAQs Cleveland Streets 3.21'" 
Foo Ming Streets 3.12^ 
Jardine's Crescent 
Kingston Streets 3.37" 
Russell Streets 3.76。 
Yun Ping Streets 3.20'' 
Mean 
PAQa Cleveland Streets 2.13^ 
Foo Ming Streets 2.32^ 
Jardine's Crescent 2.46^ 
Kingston Streets 2 3 T 
Russell Streets 2.37^ " 
Yun Ping Streets 2.34^ 
Note: The alphabet shows the grouping of the streets. Those streets with the same 
alphabet indicate that they are in the same group and thus their P A Q have no 
significant difference in statistical meaning. The significant level is 0.05. 
Moreover, statistical analysis also confirms improvement in PAQ at the 
same location after pedestrianization. According to the Chi-square test, the PAQt, 
PAQs and PAQa in the “impact’，streets are all significantly better after 
pedestrianization while the perceived air quality of "control" streets remains same as 
before (Table 6.3). This shows that only respondents in the pedestrianized streets 
perceived better air quality after pedestrianization. 
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The improvement in perceived air quality can be ascribed to two reasons. 
First, the results of pervious two chapters show that the air pollution levels in 
pedestrianized streets actually experienced some improvement after pedestrianization. 
This has been confirmed both by modeling and physical measurement. Because of 
these improvements, it is only natural for the pedestrians perceive a better air quality 
after pedestrianization. Second, pedestrianization may have other influences on 
human perception of air quality. For example, pedestrianization can eliminate other 
symptoms of air pollution and improve the overall environmental quality. Although 
these environmental conditions may not relate directly to air quality, the respondents 
might have considered the total environmental quality rather than merely the air 
quality. 
Table 6.3 Chi-square test of differences in P A Q before and after pedestrianization at 
the impact and control streets 
Mean (before) Mean (after) Chi-square Sig. Level 
Impact ^ P A Q t 3.28 — 3.78 — 19.399 _ 0.004 (**) 
Streets PAQs 一 3.30 3.59 — 13.46 0.019 (*) 
PAQa — 2.32 “ 2.56 _ 9.71 0.038 (*) 
Control PAQt — 3.53 _ 3.63 一 5.319 0.378 (NS) 
Streets PAQs 一 3.16 “ 3.28 — 6.221 0.285 ( m ) 
PAQa 2.27 2.26 11.065 0.085 (NS) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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6.2.2 Change in Perceived Air Quality As a Result of Pedestrianization 
While the primary aim of the chapter was to detect the improvement of 
P A Q after pedestrianization, this section further examines if this improvement in the 
P A Q is larger than what could have been anticipated from the reduction of air 
pollution level. The following will first examine the relationship between P A Q 
with TSP, PMIO and P M 2 levels. A N C O V A will then be employed to test the 
difference in this relationship before and after pedestrianization. 
6.2.2.1 Correlation between PAQ and AQ 
As aforesaid, PAQt, PAQs and P A Q represent different spatial scale and 
time span, it is expected that they have different sensitivity to the particulate level 
measured at the time of interview. PAQt is the grading of air quality in the immediate 
environment at a particular place and time of interview. It is expected that the PAQt 
is more sensitive to the particulate level at time of interview because the respondents 
need not consider the overall air quality in the past. PAQs reflects the human 
affection on the long-term aggregate air quality of a particular local street. PAQa 
represents the human affection on the average air quality of the whole Causeway Bay 
District. Since the appraisal refers to a large area covering a long time span, PAQa 
is relatively less sensitive to the variations in real time particulate level and other 
local environmental parameters. 
Table 6.4 shows the correlation of PAQ with the various measures of 
particulate levels (TSP, PMIO and PM2). The data show that all three types of PAQ 
have significant negative relationship with the A Q parameters, i.e. the lower the 
particulate levels, the higher the PAQ. Table 6.4 also shows that while the 
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relationships are significant, the correlation coefficients are not high, indicating the 
PAQ might also be affected by factors other than particulate levels. 
Table 6.4 Correlation of P A Q with TSP, PMIO and P M 2 levels 
TSP level PMIO l e v e l P M 2 level 
PAQt -0.153(*) -0.255(*) -0.306(*) 
PAQs -0.079(*) -0.231(*) -0.272(**) 
PAQa -0.050(*) -0.029(*) -0.152(**) 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
Comparing the three PAQ, the PAQt has the highest correlations with the 
various measures of particulate pollution while the PAQa has the lowest. As 
aforementioned, the main reason is that PAQs and PAQa represents the air quality 
averaged over a long period of time and respondents have thus to refer to their past 
experiences. The above finding is a reflection of the averaging effect of PAQa and 
PAQs over space and time. 
6.2.2.2 Difference in Dose-Response Relationships before and after 
Pedestrianization 
The association between human perception and the actual air quality is a 
form of dose-response relationship. In statistical terms, this relationship can be 
expressed in the form of a regression, with the PAQ as the dependent variable (i.e. 
response) and the air quality (i.e. dose) as an independent variable. If there is any 
difference between human perception before and after pedestrianization, the 
difference could be revealed in the form of different regression slopes which can be 
tested by the analysis of covariance (ANCOVA) (Snedecor and Cochran, 1980). 
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Effect of Pedestrianization on PAQt at the “Impact” and “Control Streets” 
Figures 6.1 — 6.3 portray the relationship between PAQt with the air 
particulate parameters at the impact streets. To determine whether or not the 
relationship between PAQt and particulate level is the same before and after 
pedestrianization, an analysis of covariance was undertaken. Results of the 
A N C O V A (Table 6.5) confirm that the regressions before and after pedestrianization 
are statistically different indicating that people tend to perceive a better quality than 
that could be predicted from the dose-response relationship before pedestrianization. 
To examine whether the same phenomenon is also observed at the 
"control" streets, the same regression and A N C O V A analyses were applied to the 
relationships between PAQt and TSP, PMIO and P M 2 respectively. The relationships 
are portrayed in Figures 6.4-6.6 and the results of A N C O V A (Table 6.6) show that no 
significant "before" and "after" pedestrianization difference can be found in the 
relationships between PAQt and any of the three air quality parameters. In other 
words, pedestrians at the control sites appraise the air quality in the same way before 
and after pedestrianization. 
The above findings suggest that pedestrians in the pedestrianized streets 
perceive a better improvement of PAQt than expected after pedestrianization at the 
control streets. Therefore it can be concluded that the implementation of 
pedestrianization can foster a higher degree of human satisfaction with the air quality 
than could be anticipated merely from the improvement of air quality. 
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Figure 6.4 Relationship between PAQt with TSP before 
and after pedestrianization in the control street 
7       
6 
y- nrvvir7、, + 4 882 
I 4 • . • -1 
3 
y = -0.0089x + 4.022_ • _ • 
2 
1 1- 1 1  
0 50 100 150 200 
TSP (ug>tn31  after • - - before 
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Table 6.10 ANCOVA analysis of the difference of PAQa with different air particulate 
parameters, (a) TSP, (b) PMIO and (c) PM2, before and after pedestrianization at the 
‘‘control” streets 
W  
Sum of df Mean square F Sig. 
Square  
Corrected model 177.6 3 592 2.353 0.072 
Intercept 642.3 1 642.3 25.53 0.000 
Pedestrianization 30.9 1 30.9 1.23 0.268 
TSP 2.28 1 2.28 0.09 0.764 
TSP X pedestrianization 84.6 1 84.6 3.365 0.047(*) 
Error 9432.7 375 25.154 
Total 16114 379 
Corrected total 9610.3 378 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Sig. 
Square  
Corrected model 110.9 3 36.97 1.459 
Intercept 1291.5 1 1291.5 50.9 .000 
Pedestrianization 1.41 1 1.41 1.201 .274 
PMIO 5.14 1 5.14 0.23 .653 
PMIO X pedestrianization 46.16 1 46.16 5.952 0.015(*) 
Error 94.99 375 7.756 
Total 16114 379 
Corrected total 96.10 378 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Si^  
Square  
Corrected model ^ ^ ^ 3 3^9 37\ 0.045 
Intercept 5378.6 1 5378.6 693.6 0.000 
Pedestrianization 1.94 1 1.94 0.250 0.617 
PM2 12.081 1 12.081 0.481 0.488 
P M 2 X pedestrianization 46.63 1 46.63 6.013 0.014(*) 
Error 11422.5 379 7.755 
Total 3246.0 383 
Corrected total 11470.6 382 
NS : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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Figure 6.4 Relationship between PAQt with TSP before 
and after pedestrianization in the control street 
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Table 6.10 ANCOVA analysis of the difference of PAQa with different air particulate 
parameters, (a) TSP, (b) PMIO and (c) PM2, before and after pedestrianization at the 
‘‘control” streets 
Sum of df Mean square F Sig. 
Square  
Corrected model 23.63 3 TFl 5.145 0.002~ 
Intercept 735.6 1 735.6 480.4 0.000 
Pedestrianization 7.77 1 7.77 5.07 0.025 
TSP 1.70 1 1.70 1.11 0.292 
TSP X pedestrianization 1.42 1 1.42 0.927 0.336(NS) 
Error 739.6 483 1.53 
Total 6614 487 
Corrected Total 763.2 486 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Sig. 
Square  
Corrected model 22.37 3 7.457 0.002~~ 
Intercept 1043.6 1 1043.6 680.4 0.000 
Pedestrianization 6.49 1 6.49 4.22 0.040 
PMIO 0.893 1 0.893 0.582 0.446 
PMIO X pedestrianization 0.420 1 0.420 0.274 0.601(NS) 
Error 740.5 483 1.534 
Total 6614 487 
Corrected total 763.2 486 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Sig.  
Square 
Corrected model ^^24.67 3 ^ 5 M 0.001 
Intercept 3199.8 1 3199.8 2078.7 0.000 
Pedestrianization 17.65 1 17.65 11.66 0.001 
P M 2 2.23 1 2.23 1.45 0.230 
P M 2 X pedestrianization 1.44 1 1.44 0.934 0.334(NS) 
Error 749.6 487 1.54 
Total 6688 491 
Corrected total 774.3 490 
NS : Not Significant 
* ： Significant at 0.05 level 
** ： Significant at 0.01 level 
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Effect of Pedestrianization on PAQs in the “Impact” and “Control” Streets 
At the impact streets, pedestrians generally perceive a greater improvement 
of PAQs after pedestrianization than could be expected from the reduction of air 
quality (Fig. 6.6-6.9). The differences in the relationship between PAQs and TSP, 
PMIO and P M 2 levels before and after pedestrianization are significant according to 
the A N C O V A (Table 6.7). This means that pedestrianization can improve the 
pedestrians' perception of the overall air quality of a specific pedestrianized street. 
On the other hand, there is no significant difference in the relationship 
between PAQs and the various air quality parameters at the "control" streets before 
and after pedestrianization (Table. 6.8). Graphically, Figures 6.10 - 6.12 also show 
that the regressions of PAQs with various air quality parameters are not significantly 
different before and after pedestrianization. These results indicate that the 
anomalous improvement of PAQs cannot be found at the control streets. 
Same as PAQt, the influence of pedestrianization on the appraisal of PAQs 
can only be seen in the pedestrianized streets. In order words, only the pedestrians 
in the impact streets perceive a better average air quality after pedestrianization than 
that could be expected. 
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Figure 6.4 Relationship between PAQt with TSP before 
and after pedestrianization in the control street 
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Table 6.10 ANCOVA analysis of the difference of PAQa with different air particulate 
parameters, (a) TSP, (b) PMIO and (c) PM2, before and after pedestrianization at the 
‘‘control” streets 
W ^  
Sum of df Mean square F Sig. 
Square  
Corrected model 35.54 3 11.84 sJs 0.000 
Intercept 555.1 1 555.1 402.2 0.000 
Pedestrianization 8.19 1 8.19 5.94 0.015 
TSP 13.09 1 13.09 9.49 0.002 
TSP X pedestrianization 8.31 1 8.31 6.024 0.014(*) 
Error 512.0 371 1.38 
Total 4362 375 
Corrected Total 547.6 374 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Sig. 
Square  
Corrected model 27.83 3 ^ ^ 0 . 0 0 0 ^ 
Intercept 813.9 1 813.9 581.0 0.000 
Pedestrianization 5.68 1 5.684 4.06 0.045 
PMIO 0.63 1 0.63 0.45 0.503 
PMIO X pedestrianization 7.55 1 7.55 5.39 0.021(*) 
Error 519.7 371 1.40 
Total 4362 375 
Corrected total 547.6 374 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Si^  
Square  
Corrected model 17.22 3 5?M 4.012 0.008 
Intercept 2672.9 1 2672.9 1807.2 0.000 
Pedestrianization 2.68 1 2.68 1.811 0.179 
P M 2 21.61 1 21.61 7.306 0.001 
P M 2 X pedestrianization 19.106 1 19.106 12.918 0.000(*) 
Error 554.6 375 1.479 
Total 4423 379 
Corrected total 583.5 378 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
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Figure 6.4 Relationship between PAQt with TSP before 
and after pedestrianization in the control street 
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Table 6.10 ANCOVA analysis of the difference of PAQa with different air particulate 
parameters, (a) TSP, (b) PMIO and (c) PM2, before and after pedestrianization at the 
‘‘control” streets 
W ^  
Sum of df Mean square F Sig. 
Square  
Corrected model 24.85 3 ^ 6 M 0.000 
Intercept 576.0 1 579.0 421.5 0.000 
Pedestrianization 9.82 1 9.82 7.18 0.008 
TSP 4.10 1 4.10 3.00 0.084 
TSP X pedestrianization 2.73 1 2.73 1.99 0.158(NS) 
Error 653.2 478 1.37 
Total 5624 482 
Corrected Total 678.1 481 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Sig. 
Square  
Corrected model 2 0 . 7 1 ~ 3 ^90 S m 0.002 
Intercept 881.8 1 881.8 641.2 0.000 
Pedestrianization 4.07 1 4.07 2.96 0.086 
PMIO 0.45 1 0.45 0.324 0.570 
PMIO X pedestrianization 2.184 1 2.184 1.151 0.284 
Error 657.4 478 1.38 
Total 5624 482 
Corrected total 678.1 481 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Si^ 
Square  
Corrected model 20.66 3 0.002 
Intercept 2775.9 1 2775.8 2018.8 0.000 
Pedestrianization 12.29 1 12.29 8.94 0.003 
P M 2 0.15 1 0.15 0.11 0.743 
P M 2 X pedestrianization 2.37 1 2.37 1.72 0.189(NS) 
Error 662.76 482 1.38 
Total 5678 486 
Corrected total 683.43 485 — 
NS : Not Significant 
* ： Significant at 0.05 level 
** ： Significant at 0.01 level 
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Effect of Pedestrianization on PAQa at the “Impact “ and “control” Streets 
From the statistical results, pedestrianization did not have any effect on the 
PAQa at both the impact and control streets (Tables 6.9 and 6.10). The A N C O V A 
confirms that in both locations, the PAQa after pedestrianization is no different than 
that before. This is also revealed in Figures 6.13 - 6.15 and Figure 6.16-6.18. 
That is, the pedestrians of the control and pedestrianized streets perceive the PAQa in 
the same way either before or after pedestrianization if the actual particulate levels 
are the same. It is found that there is no significant difference in the relationships 
before and after pedestrianization. 
The main reason for the lack of a boosting effect on human satisfaction on 
the air quality of a large area (PAQa) is due to the fact that pedestrianization is only 
confined to a small area in Causeway Bay. Therefore, when the respondent is asked 
to appraise the air quality of the whole district, any beneficial effect of the scheme is 
somewhat diluted. By now, only 4 streets in Causeway Bay are pedestrianized. 
As shown in section 6.2.2.2, pedestrians do perceive a better air quality in the 
immediate vicinity of the pedestrianized zones and at the time of interview, and their 
appraisal is better than that expected from the actual improvement in the air quality. 
However, their perception of a better atmospheric environment does not extend too 
far in space and time. 
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Figure 6.4 Relationship between PAQt with TSP before 
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Figure 6.14 Relationship between PAQa and PMIO 
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Figure 6.16 Relationship between PAQa and TSP 
in the control street before and after 
pedestrianization 
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Figure 6.17 Relationship between PAQa and PMIO 
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Table 6.10 ANCOVA analysis of the difference of PAQa with different air particulate 
parameters, (a) TSP, (b) PMIO and (c) PM2, before and after pedestrianization at the 
‘‘control” streets 
W  
Sum of df Mean square F Sig. 
Square  
Corrected model ^ 3 3Tl 2?79 0.040 
Intercept 159.1 1 159.1 142.6 0.000 
Pedestrianization 1.22 1 1.22 1.09 0.297 
TSP 6.22 1 6.22 5.57 0.019 
TSP X pedestrianization 1.29 1 1.29 1.16 0.282(NS) 
Error 417.3 374 1.116 
Total 2466 378 
Corrected Total 246.6 377 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Sig. 
Square  
Corrected model 9J3 3 ^ 0.035~~~ 
Intercept 294.2 1 294.2 263.9 0.000 
Pedestrianization 1.13 1 1.13 1.01 0.315 
PMIO 4.89 1 4.89 4.39 0.037 
PMIO X pedestrianization 0.883 1 0.883 0.792 0.374(NS) 
Error 416.9 374 1.115 
Total 2466 378 
Corrected total 246.6 377 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F Si^ 
Square  
Corrected model 3 O ^ 0.561 0.571 
Intercept 883.5 1 883.5 782.1 0.000 
Pedestrianization 0.27 1 0.27 0.218 0.641 
P M 2 0.13 1 0.13 0.112 0.738 
P M 2 X pedestrianization 0.25 1 0.25 0.218 0.641 (NS) 
Error 427 378 1.13 
Total 2487 383 
Corrected total 427.4 381 
N S : Not Significant 
* ： Significant at 0.05 level 
** : Significant at 0.01 level 
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Table 6.10 ANCOVA analysis of the difference of PAQa with different air particulate 
parameters, (a) TSP, (b) PMIO and (c) PM2, before and after pedestrianization at the 
‘‘control” streets 
W ^  
Sum of df Mean square F Sig. 
Square  
Corrected model 3 0.416 
Intercept 328.6 1 328.6 292.9 0.000 
Pedestrianization 1.22 1 1.22 1.09 0.298 
TSP 1.27 1 1.27 1.03 0.311 
TSP X pedestrianization 1.85 1 1.85 1.65 0.199(NS) 
Error 540.7 482 1.12 
Total 2869 486 
Corrected Total 543.9 485 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W ^  
Sum of df Mean square F ^ 
Square  
Corrected model U l 3 O ^ 0.805 
Intercept 410.4 1 410.4 364.35 0.000 
Pedestrianization 0.32 1 0.32 0.29 0.593 
PMIO 0.48 1 0.48 0.42 0.516 
PMIO X pedestrianization 0.81 1 0.81 0.72 0.398(NS) 
Error 542.9 482 1.13 
Total 2869 486 
Corrected total 543.9 485 
N S : Not Significant 
* : Significant at 0.05 level 
** : Significant at 0.01 level 
W  
Sum of df Mean square F ^  
Square  
Corrected model O s 3 ^ 0.051 
Intercept 1263.1 1 1263.1 1114.3 0.000 
Pedestrianization 0.31 1 0.30 0.27 0.602 
PM2 0.94 1 0.94 0.83 0.364 
PM2 X pedestrianization 0.023 1 0.023 0.02 0.886(NS) 
Error 550.9 486 1.134 
Total 2927 490 
Corrected total 559.8 489 
NS : Not Significant 
* : Significant at 0.05 level 
** ： Significant at 0.01 level 
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6.2.3 Summary of Findings on Human Perception 
The physical pollution measurement and questionnaire survey have 
highlighted a number of points related to our understanding of human perception of 
the atmospheric environment. First, there is evidence to show that pedestrianization 
does improve the P A Q and this improvement is only noticed for the pedestrianized 
streets but not the nearby control sites. That means, pedestrians in the pedestrianized 
streets generally perceive an air quality significantly better than what could be 
expected from the reduction in the actual pollution levels after pedestrianization. In 
other words, the improvement in P A Q is the combined result of the actual reduction 
in particulate levels and influence of other factors unrelated to the improvement of 
air quality. 
Results of this study also show a significant positive relationship between 
P A Q (including PAQt, PAQs and PAQa) and A Q . In other words, the better the 
actual air quality (i.e. particulate level decreases), the better is the air quality 
perceived. Of the three kinds of PAQ, PAQt has the strongest relationship with the 
particulate level. After pedestrianization, people generally have a positive 
assessment of the air quality in the pedestrianized zones and this positive effect 
diminishes with space and time away from the pedestrianized streets. 
6.3 Aspects of Pedestrianization Which Improve Perceived Air Quality 
Having ascertained that the human perception of the air quality can be 
significantly enhanced by pedestrianization, and the perceived air quality is better 
than what could be normally expected from the actual improvement in air quality, the 
natural question to ask is what aspects of pedestrianization will enhance human 
satisfaction with respect to the air quality. 
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In fact, little is understood about the human response to changes in air 
pollution levels and there is currently no generally accepted explanation for this. To 
explain the anomaly of the above findings, several viewpoints and models in 
environmental psychology are postulated to assist the explanation. Interpretation of 
the results of this study can be found in the application of the “behavior constraint 
model" and "environmental stress model" in environmental psychology, and some 
well-accepted viewpoints regarding the human perception of air pollution. 
6.3.1 Behavior Constraint Model 
Behavior constraint model postulates three basic steps: perceived loss of 
control, reactance and learned helplessness (Fisher et al., 1986). The term 
“constraint，，means that something about the environment is limiting or interfering 
with things we wish to do. It can be an actual impairment from the environment or 
simply the anticipation of it. If people think that the situation is beyond their 
control and could do nothing to overcome it, they will have the perceived loss of 
control over the situation (Proshansky et al., 1970). This will restrict their behavior 
and cause discomfort or negative affect. They will then make effort to regain the 
control over the constraint. If these efforts at reassertion are unsuccessful, learned 
helplessness may be the result (Garber and Seligman, 1980). Learned helplessness 
refers to the situation when people think their actions have no effect on the situation, 
and so they stop trying to regain control. In other words, people “learn” that they 
are helpless in coping with the situation. Hence, learned helplessness often leads to 
depression, poor performance, poor mental outlook, and pessimistic and negative 
rating of the situation (Fisher et a l , 1986). When people restore perceived control 
over the situation, their performance and mental outlook are enhanced and will have 
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a more positive attitude toward the situation (Glass and Singer, 1972; Donnerstein 
and Wilson, 1976). 
In terms of air quality, it is suggested that the perceived loss of control over 
air pollution will reduce attempts to do anything about the problem, resulting in a 
more negative attitude towards the air quality (Evans & Jacobs, 1981). Fisher et al. 
(1986) pointed out that learned helplessness effects have been interpreted in terms of 
attribution theory recently. Helplessness effects are more likely to occur if we 
attribute our lack of control over the situation to stable and general factors. This 
attribution of stable factors refer to our inability to do anything about the situation, 
rather than the temporary lack of time to act upon it, while the example of attributing 
the situation by general factors is attributing air pollution to all types of vehicles 
rather than a specific vehicle. Air pollution is commonly attributed to be caused by 
the whole community, i.e. stable and general factors, which individuals can do little 
to resolve it. Hence, the sense of helplessness can also affect how we appraise the 
air quality. Some studies have shown that exposure to air pollution will increase 
people's awareness of it and thus have a higher annoyance score. Lipsey (1977) 
suggested that the large the number of people exposed to air pollution, the more 
concerned they become about it. Similar results were also shown in Medalia (1964). 
In the context of this study, the air pollution problem in Causeway Bay has 
extensively been addressed and reported in recent years. However, the problem has 
not been significantly alleviated and is even becoming more and more serious (EPD, 
1999). Since individual action can hardly reduce air pollution level, it is expected 
that pedestrians will perceive loss of control over the pollution problem and have 
acquired the "learned helplessness”. Therefore, pedestrians who were interviewed 
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before pedestrianization would have a more negative attitude on the air quality and 
reported lower PAQ than those after pedestrianization. 
However, as aforementioned, it is suggested that the regain of the 
perceived control over the environment can enhance performance, mental outlook 
and result in an optimistic attitude towards the environment. The implementation of 
pedestrianization is one of the ways to restore pedestrians' perceived control over air 
pollution in Causeway Bay. As suggested by Fisher (1986), if perceived control 
over pollution is present, the potential for learned helplessness is decreased and thus 
one has more positive attitude towards the situation. Thus, pedestrians who were 
interviewed after pedestrianization might have a more positive attitude and reported a 
higher satisfaction score of P A Q after pedestrianization. This accounts for the 
anomalies of the findings, i.e. human perception of the air quality is significantly 
enhanced by pedestrianization and the improvement of perceived air quality is 
greater than what could be normally expected from the actual improvement in air 
quality. 
6.3.2. Environmental Stress Model 
Environmental stress model of environment-behavior relationships 
postulates that once stimuli exist, cognitive appraisal of these stimuli as stressors is 
evoked (Fisher et al., 1986). If people perceive the stimuli as threatening, coping 
strategies will follow. However, prolonged exposure to stress can lead to serious 
after-effects including performance decrements and pessimistic attitude towards the 
situations. Therefore, cognitive appraisal of the stimuli as stressors can affect 
human response and attitude towards the stimuli. 
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The effects of air pollution on human perception have been conceptualized 
and modeled from a psychological stress perspective (Lazarus and Cohen, 1978; 
Baum et aL, 1981). From the environmental stress perspective, people in the 
overload condition for a continuous period (i.e. exposed to acute levels of ambient air 
pollution over a long period of time) are often characterized by high anxiety, anger 
and depression. Their tolerance for frustration on the stressor, i.e. air pollution, is 
also lower and thus they will have a more negative grading on the air quality. 
Therefore, pedestrians who are interviewed before pedestrianization might have a 
poor grading to the satisfaction score of the PAQ. 
. As suggested by Lazarus (1966), cognitive appraisal depends on individual 
psychological factors, e.g. knowledge on the stimuli, and cognitive aspects of the 
stimuli, e.g. perceived control and immediacy. Therefore, information on the 
stimuli and the perceived control over it are influential in cognitive appraisal of 
stimuli as threatening and affect human response to the stimuli. Hokka et al.. (1999) 
suggested that accessibility and availability of information is another factor affecting 
human affection of air pollution. When people are more informed about the danger 
and adverse effects of air pollution, they will show more negative feelings, such as 
disgust or fear. Therefore, it is not unusual that pedestrians in Causeway Bay have 
lower satisfaction on air quality before pedestrianization. 
On the other hand, Fisher et al (1986) suggested that the more knowledge 
one has over the perceived control on the situation, the less one is likely to evaluate 
that stimulus as threatening and the less stressful the situation is likely to be. 
Therefore, pedestrians who were interviewed on the pedestrianized streets after 
pedestrianization might perceive higher control over air pollution than before, hence, 
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they were less stressed by the air pollution and had a higher satisfaction score of the 
PAQ than that could be normally expected from the actual improvement of air 
quality. 
6.3.3 Perception of Air Pollution Through Smell and Vision 
As suggested by Weiten (1995), direct organ sensation，such as audio, 
visual and smell organs, is the most common and direct way for people to collect 
information from the environment. It is expected that the audio and visual stimuli 
are influential elements in shaping human perception of air quality. As have been 
thoroughly discussed by many environmental psychologists, perception of air 
pollution depend primarily on our sense of smell and vision rather than the actual 
concentration of air pollutants (Fisher et al., 1986; Barker, 1976; Boulter, 1998; 
McCrae & Williams, 1994). Therefore, it is expected that pedestrianization might 
have the ability to change these stimuli and improve human perception of air quality. 
The study has investigated how pedestrians evaluate the air quality. In the 
questionnaire survey, respondents are asked to identify the indicators of roadside air 
pollution and the perceived sources of air pollution. It then examines how 
pedestrianization can eliminate such stimuli and thus improve the PAQ. As could 
be anticipated, the findings also show that features that are tangible and can be 
detected by smell are the major perceived cue of air pollution. 
First, most respondents associated air pollution with black smoke from 
vehicles (Fig. 6.19), followed by odor, dust and the feeling of hard of breath. These 
findings resemble those of other pollution perception studies (Barker, 1976). 
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As regards the source of air pollution, majority of respondents (85%) 
regarded vehicle exhaust as the main source (Fig. 6.20). Other commonly reported 
air pollution sources include air conditioning and poor air circulation due to rise-high 
buildings 
Surprisingly, when respondents were asked to identify the indicators of a 
deteriorating urban environment, only 7 % of respondents named serious air pollution 
(Figure 6.21). However, majority of the respondents associated deterioration in the 
urban environment to air pollution, such as black smoke and fume (21%), the 
existence of vehicles on the streets (12%) and feeling of breathlessness (12%)(Figure 
6.30). Moreover, pedestrians also reported that the quality of the street environment 
become poorer when rubbish (12%) and dust are sighted (10%). 
Although environmental psychologists also suggest that other factors also 
affect the human appraisal of air pollution, such as socioeconomic status of 
respondents, gender or age (Fisher et al., 1986), visual and smell stimuli. Since 
vehicles are forbidden in the pedestrianized streets, pedestrians in those areas can no 
longer see the vehicle exhaust and smell the odor, and are hence more likely to 
perceive a better air quality after pedestrianization. 
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Figure 6.19 Respondents' perceived indicators of 
roadside air pollution 
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6.4 Summary and Conclusion 
The influence of pedestrianization on human perception of air quality is 
discussed in this chapter. It has been found that there is significant improvement in 
P A Q as a result of pedestrianization which is above and beyond the actual 
improvement in the actual air quality. The findings have raised a number of 
interesting points. 
Firstly, PAQt, PAQs and PAQa in the pedestrianized streets are 
significantly improved after pedestrianization. In other words, people tend to 
perceive a better air quality about the immediate environment after pedestrianization. 
The perceived better air quality is due not only to a reduction in air 
pollution, but also to influences of other factors not directly resultant from the 
improvement of actual air quality. However, this enhancement effect is more 
pronounced in the pedestrianized areas and is gradually reduced over space and time. 
Some models and theories in environmental psychology may provide an 
explanation of the anomalous improvement of PAQ. Firstly, the behavior constraint 
model suggests that when people perceive loss of control over the environment, they 
will make effort to regain the control. But if their effort is not successful, they will 
have acquired "learned helplessness" and soon become depressed and have 
pessimistic and negative rating of the situation. The corollary is that when people 
restore perceived control over the situation, they will have a more positive attitude 
toward the situation and their degree of satisfaction is enhanced. In terms of air 
pollution problem in Causeway Bay, implementation of pedestrianization is one of 
the ways to restore pedestrians' "perceived control” over the pollution problem. 
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This may reduce the potential for "learned helplessness" and result in a more positive 
attitude towards the air quality in Causeway Bay after pedestrianization. Second, 
the environmental stress model suggests that cognitive appraisal of environmental 
stimuli as stressors can affect human response and attitude towards the stimuli. 
Fisher et al. (1986) showed that the more the knowledge one has over the perceived 
control on the situation, the less one is likely to evaluate that stimulus as threatening 
and the less stressful the situation is likely to be. Therefore, pedestrians in 
pedestrianized streets after pedestrianization may become less stressed by the air 
pollution and had a higher satisfaction score of the PAQ. Third, visual and 
olfactory stimuli, such as the presence of vehicle exhaust and odor, are influential in 
affecting human perception of air quality. Since pedestrianization prohibits vehicles 
on the pedestrianized streets, the stimuli are eliminated and thus pedestrians can 
perceive a better air quality. 
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CHAPTER SEVEN CONCLUSION 
The purpose of this chapter is twofold. The first is to summarize the 
major findings and the second to examine the implication of these findings on the 
strategies of air quality improvement and transport management in Hong Kong. 
This chapter consists of three parts. First, it reviews the objectives and the 
significance of this study. It then summarizes the main findings. The final part is 
a discussion of the significance of the findings. 
The central theme of this study is to evaluate the effectiveness of 
pedestrianization as a means of air quality improvement. There are several 
objectives to this study. First, this study predicts and assesses the impact of the 
government proposed pedestrianization scheme in Causeway Bay in improving air 
quality. It then evaluates the change in particulate pollution as a result of 
pedestrianization. Finally，it assesses the influences of pedestrianization affecting 
pedestrians' perception of the air quality. 
It is hoped that the findings of this study can provide valuable information 
to fill the existing gap of knowledge and to formulate traffic management measures 
for Hong Kong. Also, it may serve as a reference for the management and 
mitigation of the traffic-generated air pollution problem 
7.1 Summary of Findings 
This section describes all the major findings of this study with respect to 
the current status of, and possible changes in, air quality in Causeway Bay before and 
after the government pedestrianization scheme; changes in the level and 
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characteristics of particulate pollution; and an evaluation of the influences of 
pedestrianization on the human perception of air quality. 
7.1.1 Model Simulated Air Pollution Levels in Causeway Bay and Possible 
Effects of the Government Pedestrianization Scheme 
Model simulation shows that the current level of air pollution in 
Causeway Bay is rather poor. The results show that before the implementation of 
pedestrianization scheme, RSP and N O pollution can be considered as average while 
C O pollution is low when comparing with the A Q O . 
Moreover, it is found that a higher air pollution level is found along the 
main road arteries in Causeway Bay (Hennessy Road, Yee W o Street and Gloucester 
Road ) where traffic flow is the heaviest, such as. The high pollution level is 
caused by the high traffic volume and thus the pedestrians there will receive a poorer 
air quality than pedestrians in other streets in Causeway Bay. 
According to the results of model simulation, it is predicted that after 
pedestrianization, the air quality within the proposed pedestrian zone will be 
improved. The average reduction of RSP, NO2 and C O within the pedestrian zones 
will be by 7%, 12% and 8% respectively. Such improvement is mainly due to the 
reduction of traffic flow resulting in smaller amounts of vehicle emissions. Since 
the proposed pedestrian zone will include the streets with the highest pedestrian flow 
in Causeway Bay, it is expected that many pedestrians can benefit from the scheme. 
However, improvement within the pedestrian zone will not extend to the 
wider Causeway Bay areas. The worst air quality in Causeway Bay will remain 
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unchanged after pedestrianization. This suggests that the proposed 
pedestrianization scheme will not alleviate the worst air quality hotspots in 
Causeway Bay because the proposed pedestrianization scheme does not cover those 
streets that are most polluted. In other words, the scheme will neither reduce the 
traffic flow in the most polluted streets nor improve the environmental quality in 
those areas. 
7.1.2 Changes in the Pattern and Characteristics of Particulate Pollution after 
Pedestrianization 
There are several major findings from the results of physical measurements 
of suspended particulate levels in Causeway Bay before and after pedestrianization. 
First, particulate pollution is more serious on fine days and in peak hours. The data 
show that after pedestrianization, particulate levels (including TSP, PMIO and PM2) 
on fine days, weekdays and during peak hour are significantly less than before. 
Statistical analysis of the impact site/control site ratio (I/C ratio) further ascertains 
that this reduction of particulate is a direct result of pedestrianization. Therefore, it 
can be concluded that pedestrianization can improve the air quality in the 
pedestrianized streets. 
It is also found that particulate size distribution is changed after 
pedestrianization in Causeway Bay irrespective of the weather and traffic flow 
conditions. After pedestrianization, there is a smaller proportion of fine particulates. 
This indicates that fine particulates will be preferentially reduced to a greater extent 
than that of coarse particulates as a result of the prohibition of vehicles by 
pedestrianization. 
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Moreover, the rebuilt pedestrian streetscape shows a different pattern of 
particulate pollution in pedestrianized streets compared to the nearby vehicular 
streets. Jardine's Crescent has been rebuilt into an almost enclosed pedestrian street 
for several years. Data from this study shows that particulate level and size 
distribution in pedestrian streets have no variation regardless of seasons, weather, 
traffic flow conditions or the day of week. This is because of the sheltering effect 
of the enclosed environment created by pedestrianization, which protects the street 
from the influence of the outside environment. In conclusion, enclosed 
environment created by pedestrianization provides a more stable atmospheric 
environment within the pedestrian street. 
7.1.3 Effects of Pedestrianization on Human Perception of Air Quality 
First, it is found that in general, the perceived air quality (including PAQt, 
PAQs and PAQa) in the pedestrianized street is significantly improved after 
pedestrianization. That is, people perceive better air quality in the immediate 
environment, with a better impression of the average air quality in local streets and in 
the Causeway Bay District in general. The improvement in the human satisfaction 
with the air quality results from the actual reduction of particulate pollution in the 
environment and the additional influences of pedestrianization. 
Statistics show that the improvement of PAQt and PAQs in the 
pedestrianized street is significantly higher after pedestrianization than what could 
normally be anticipated from the improvement of air quality. Certain models and 
theories in environmental psychology can account for these anomalous findings. 
First, the behavior constraint model suggests that when people perceive loss of 
control over the environment, they will make effort to regain the control, but when 
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their efforts turn out to be unsuccessful, they will acquire “learned helplessness" and 
soon become depressed and have pessimistic and negative rating of the situation. In 
other hand, when people restore perceived control over the situation, their 
performance will be enhanced and will have a more positive attitude toward the 
situation. Since pedestrianization is a way to regain perceived control over the air 
pollution problem, people in the pedestrianized street will accordingly have a higher 
satisfaction score with the perceived air quality after pedestiranization than what 
could be predicted from the dose-response relationship. 
Second, the environmental stress model postulates that cognitive appraisal 
of environmental stimuli as stressors can affect human response and attitude towards 
the stimuli. Fisher et al. (1986) showed that the more the knowledge one has over the 
perceived control on the situation, the less one is likely to evaluate that stimulus as 
threatening and the less stressful the situation is likely to be. Therefore, after 
pedestrianization, pedestrians in the pedestrianized streets may become less stressed 
by the air pollution and have a higher satisfaction score of the P A Q than that could be 
anticipated normally from the improvement of air quality. 
Environmental psychologists commonly agree that visual and olfactory 
inputs are the most influential elements in perception of air quality, therefore tangible 
things such as smoke and odour are the most influential cues affecting perceived air 
quality. The results show that the existence of vehicles and their associated visual 
and olfactory stimuli, including black smoke and odor etc, are the major perceived 
indicators of air pollution, deteriorating urban environment, and sources of air 
pollution. Because the pedestrianization scheme bans vehicles from the pedestrian 
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street, pedestrians can no longer see or smell these indicators and thus perceive a 
better air quality and environment. 
7.2 Discussion of Findings 
First, this study shows that particulate pollution is a serious problem in 
Hong Kong which requires urgent mitigation measures. With Hong Kong's 
continuous economic growth, it can be foreseen that vehicle flow will remain high 
and thus particulate pollution will become more serious and unavoidable in Hong 
Kong. EPD has pointed out that this environmental problem is more serious in busy 
urban centres such as Causeway Bay, Mongkok and Central District. Therefore, it 
is view of this writer that the government should take immediate action to tackle with 
air pollution in the urban areas. 
Results of this study demonstrate that pedestrianization can help reduce 
suspended particulate levels and other air pollution levels under various 
circumstances. This study also describes in detail those aspects of pedestrianization 
which affect human perception of the air quality so as to provide insight for air 
pollution alleviation and traffic management in Hong Kong. According to the 
results of model prediction, pedestrianization can reduce air pollution level within 
the pedestrian zone. However, the government-proposed pedestrianization scheme 
does not include some streets with high pedestrian flow, e.g. near the Time Square. 
Therefore，in order to provide a better air quality for more pedestrians, it is suggested 
that pedestrianization should also include the more local streets having high 
pedestrian flow such as Russell Street and those streets in the vicinity of Time Square 
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As suggested by some environmental psychologists, the visual, olfactory 
and tangible indicators are influential in human perception of air pollution. The 
writer suggests that the government should improve the aesthetic environment of the 
pedestrianized street rather than letting the street remain in the previous vehicular 
streetscape. 
In conclusion, pedestrianization can physically reduce air pollution levels 
in Causeway Bay and psychologically improve the pedestrian's satisfaction with air 
quality in the urban environment. Therefore, pedestrianization can be regarded as 
an effective means to improve air quality in the urban environment. 
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Appendix A The sample of Questionnaire 
行人專用區空氣質素問卷調查 
(1)平日是否常出入這裡？ •經常 •間中 •甚少 
差 好 
(2)在你的印象中，這條街的空氣質素平時如何？ 1 2 3 4 5 6 7 
⑶在今日現在這一刻的空氣質素如何？ 1 2 3 4 5 6 7 
(4)什麼事令你覺得這條街環境質素差 ？ 
(5)你覺得這條街噪音嚴重？ 1 2 3 4 5 6 7 
(6)你覺得這條街的景觀美麗嗎？ 1 2 3 4 5 6 7 
(7)在銅鑼灣區，平時的空氣質素通常如何？ 1 2 3 4 5 6 7 
(8)你知道政府正在推行行人專用區計劃以 
改善空氣質素嗎？ •知道 •不知道 
(9)你認爲政府推行這個政策對改善空氣質 





年齡：• 0-9 • 10-19 • 20-29 • 30-39 • 40-49 
• 50-59 • 60-69 • 70 或以上 
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